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CONSTITUTION OF THE ASSOCIATION; 



OBJECTS. 

Tab Association shall be called ^^ The American Associa- 
tion for the Advancement of Science." The objects of the 
Association are, by periodical and migratory meetings, to pro- 
mote intercourse between those who are cultivating science in 
different parts of the United States ; to give a stronger and 
more general impulse, and a more systematic direction, to sci- 
entific research in our country ; and to procure for the labors 
of scientific men increased facilities and a wider usefulness. 



MBfiiBEBS. 

RuLB 1. Members of scientific societies or learned bodies 
having in view any of the objects of this Association, and 
publishing transactions, shall be considered members on sub- 
scribing these rules. 

RuLB 2. Collegiate professors, also civil engineers and archi- 
tects who have been employed in the construction or superin- 
tendence of public works, may become members on subscrib- 
ing these rules. 



* Adopted Aagost 25, 1856, and ordered to go into effect at the opening of the 
Montreal Meeting. 



XVl 00K8TITTJTI0N OF THE ASSOCIATIOK. 

RuLB 3. Persons not embraced in the above provisions may 
become members of the Association upon recommendation in 
writing by two members, nomination by the Standing Com- 
mittee, and election by a majority of the members present 

OFFICERS. 

Rule 4 The officers of the Association shall be a President, 
Vice-President, General Secretary, Permanent Secretary, and 
Treasurer. The President, Vice-President, Gteneral Secretary, 
and Treasurer, shall be elected at each meeting for the follow- 
ing one ; — the three first-named officers not to be reeligible for 
the next two meetings, and the Treasurer to be reeligible as 
long as the Association may desire. The Permanent Secretary 
shall be elected at each second meeting, and also be reeligible 
as long as the Association may desire. 

HBSIINQS. 

Rule 5. The Association shall meet, at such intervals as it 
may determine, for one week or longer — the time and place 
of each meeting being determined by a vote of the Associa- 
tion at the previous meeting; and the €urrangements for it 
shall be intrusted to the officers and the Local Committee. 

STANDING COMMITTEE. 

Rule 6. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding yeiar, the perma- 
nent chairman of the Sectional Committees, after these shall 
have been organized, and six members present from the Asso- 
ciation at large, who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on 
the first assembling of the Association. A majority of the 
whole number of votes cast to elect The General Secretary 
shall be Secretary of the Standing Committee. 



CONSTTTUTIOlf OF THE ASSOCIATION. X7U 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meetings, 
to suggest topics and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific re- 
ports and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four firom each Section, to be elected 
by the Sections for th^ purpose, to make nominations of offi- 
cers of the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussionsi 
or other proceedings shall be published. 

SBcnONS. 

RuLB 7. The Association shall be divided into two Sections, 
and as many sub-Sections as may be necessary for the scien- 
tific business, the manner of division to be determined by the 
Standing Committee of the Association. The two Sections 
may meet as one. 

SBCTIONAL OFFICERS AND COMMITTEES. 

BuLE 8. On the first assembling of the Section, the mem- 
bers shall elect upon open nomination a permanent chairman 
and secreteury, also three other members, to constitute, with 
these officers, a Sectional Committee. 

B* 



XVUl CONSTITUTION OF THE ASSOCIATION, 

The Section shall appoint, from day to day, a chainnan to 
preside over its meetings. 

RuLB 9. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their 
Section; to ascertain what communications are offered; to 
assign the order in which these communications shall appear, 
and the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend sub- 
jects for systematic inrestigation by members willing to under- 
take the resecurches, and to present their results at the next 
meeting. 

The Sectional Committees may likewise recommend reports 
on particular topics and departments of science, to be drawn 
up as occasion permits, by competent persons, and presented 
at subsequent meetings. 



REPORTS OF PROCEXDXNGS. 

RuLB 10. Whenever practicable, the proceedings shall be 
reported by professional reporters or stenographers, whose 
reports are to be revised by the secretaries before they appear 
in print. 

PAPERS AND COMMUNIOATIONS. 

Rule 11. No paper shall be placed in the programme, un- 
less admitted by the Sectional Committee ; nor shall any be 
read, unless an abstract of it has been previously presented 
to the Secretary of the Section, who shall furnish to the chair- 
man the titles of papers, of which abstracts have been re- 
ceived. 

Rule 12. The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided 
he declares such to be his wish before presenting it to the 
Association. 



COH8TITDTI0M OT THX ASSOOIATION. XIX 

RuLB 13. Copies of all communicatioDS, made either to the 
General Association or to the Sections, must be furnished by 
the antboTB ; otherwise only the titles or abstracts shall appear 
m the published proceedings. 

Bulb 14. All papers, either at the general or in the sec- 
tiomd meetings, shall be read, as fiur as practicable, in the 
order in which they are entered upon the books of the Asso- 
Gtaiion ; except that those which may be entered by a member 
of the Standing Committee of the Association shall be liable 
to poetponement by the proper Sectional Committee. 

Bulb 15. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent 
communication. 

Bulb 16. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 



GENERAL AND BVENINO MEETINGS. 

Bulb 17. The Standing Committee shall appoint any gen- 
eral meeting which the objects and interests of the Associa- 
tion may call for, and the evenings shall, as a rule, be reserved 
for general meetings of the Association. 

These general meetings may, when convened for that pur- 
pose, give their attention to t^ny topics of science which would 
otherwise come before the ^ctions. 

r 

It shall be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their gen- 
eral importance and interests, the Standing Committee shall 
select ; also to receive from the chairman of the Sections 
abstracts of the proceedings of their respective Sections ; and 
to listen to communications and lectures explanatory of new 
and important discoveries and researches in science, and new 
inventions and processes in the arts. 



CONSTITUnOK OF THB ASSOCIATtOK. 



ORDER OF PROCBBDINGS IN ORGANIZINa A MEETIKa. 

Rule 18. The Association shall be called to order by the 
President of the preceding meeting, and this officer haying 
resigned the chair to the President elect, the Gteneral Secretary 
shall then report the number of papers relating to each de)>art- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Stand- 
ing Committee in the manner before described ; the meeting 
shall then adjourn, and the Standing Committee, having 
divided the Association into Sections as directed, shall allot to 
each its place of meeting for the Session. The Sections shall 
then organize by electing their officers and their representatives 
in the Nominating Committee, and shall proceed to business. 

PERMANENT SECRETARY. 

Rule 19. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Conmiittee 
or by the Association. 

The Permanent Secretary shall make a report annually to 
the Standing Committee, at its first meeting, to be laid before 
the Association, of the business of which he has had charge 
since its last meeting. 

All members are particularly desired to forward to the 
Permanent Secretary, so as to be received before the day 
appointed for the Association to convene, complete titles of 
all the papers which they expect to present during its meeting, 
with an estimate of the time required for reading each, and 
such abstracts of their contents as may give a general idea of 
their nature. 



COH8TITI7TIOH OF THB AStOCIATIOlT. XXI 

Whenever the Permanent Secretary notices any error of 
&ct or unnecesscuy repetition, or any other important defect 
m the papers communicated for publication in the proceedings 
o[ the Association, he is authorized to commit the same to 
the author, or to the proper sub-committee of the Standing 
Committee for correction. 



LOCAL OOKMITTEB. 

Rule 20. The Local Committee shall be appointed from 
among members residing at or near the place of meeting for 
the ensuing yecur ; and it shall be the duty of the Loccd Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other par- 
ticulars, at least one month before each meeting. 



SUBSCRIPTIONS. 

BuLE 21. The amount of the subscription, at each meeting, 
of each member of the Association shall be two doUars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedings of the annual meeting. These subscriptions shall 
be received by the Permanent Secretary, who shall pay them 
over, after the meeting, to the Treasurer. 

No person shaU be considered a member of the Association 
until the subscription for the meeting at which he is elected 
has been paid. 

Bulb 22. The names of all persons two years in arrears 
for annual dues shall be erased from the list of members; 
provided that two notices of indebtedness, at an interval of at 
least three months, shall have been previously given. 



XXU CONSTITUTION OF THB ASSOCIATIOK. 

ACCOUNTS. 

RuLB 23. The accounts of the Association shall be audited 
annually, by auditors appointed at each meeting. 

ALTERATIONS OF THB CONSTITUTION. 

RuLB 24. No article of this constitution shall be altered, 
or amended, or set aside, without the concurrence of three 
fourths of the members present, and unless notice of the 
proposed change shall have been given at the preceding 
annual meeting* 



RESOLUTIONS 



or A 



PERMANENT AND PROSPECTIVE CHARACTER, 



ASH3IFTKD AUOVST 19, 1867. 



1. No appointmeiit may be made in behalf of the Association, and 
no invitation given or accepted, except bj vote of the Association or its 
Standing Committee. 

2. The General Secretary shall transmit to the Permanent Secre- 
taiy for the files, within two weeks after the adjournment of everj 
meeting, a record of the proceedings of the Association and the votes 
of the Standing Committee. He shall also daily, during the meetings, 
provide the chairman of the two sectional committees with lists of the 
papers assigned to their Sections by the Standing Committee. 

3. All printing for the Association shall be superintended by the 
Permanent Secretary, who is authorized to employ a clerk for that 
especial purpose. 

4. The Permanent Secretary is authorized to put the proceedings 
of the meetings to press one month after the adjournment of the Asso- 
ciation. Papers which have not been received at that time may be 
published only by title. No notice of articles not approved shall be 
taken in the published proceedings. 

5. The Permanent Chairmen of the Sections are to be considered 
their organs of communication with the Standing Committee. 



XXiy BE80LU7I0N8. 

6. It shall be the dutj of the Secretaries of the two Sections to 
receive copies of the papers read in their Sections, all sub-sections 
included, and to furnish them to the Permanent Secretary at the close 
of the meeting. 

7. The Sectional Committees shall meet not later than 9 a. m. daily 
during the meetings of the Association, to arrange the programmes of 
their respective sections, indoding all sub-sections, for the following 
day. No paper shall be placed upon these programmes which shall 
not have been assigned to the Section by the Standing Committee. 
The programmes are to be furnished to the Permanent Secretary not 
later than 11 a. M. 

8. During the meetings of the Association the Standing Committee 
shall meet daily, Sundays excepted, at 9 A. m., and the Sections be 
called to order at 10 a. h., unless otherwise ordered. The Standing 
Committee shall also meet on the evening preceding the first assem- 
bling of the Association at each annual meeting, to arrange for the 
business of the first day, and on this occasion three shall form a 
quorum. 

9. Associate members may be admitted for one, two, or three years, 
as they shall choose at the time of admission, — to be elected in the 
same way as permanent members, and to pay the same dues. They 
shall have all the social and scientific privileges of members, without 
taking part in the business. 

10. No member may take part in the organization and business 
arrangement of both the Sections. 



MEMBERS 



OF THB 



AMERICAN ASSOCIATION 



FOR THB 



ADVANCEMENT OF SCIENCE. 



Hon. ~ Names of deceased members are marked with an asterisk (*). The figure 
at the end of each name refers to the meeting at which the election took pkce. 



Abbott, Gorham D., New York, New York [7]. 

Abemethj, William, Oregon City, California [12]. 
*Adams, Prof. C. B., Amherst, Massachusetts [1]. 

Aiken, Prof. W. E. A., Baltimore, Maryland [12]. 

Ainsworth, J. 6., Barrj, Massachasetts [14]. 

Albert, Augustus J., Baltimore, Maryland [12]. 

Alexander, Prof. Stephen, Princeton, New Jersey [1]. 

Allen, Prof. £. A. H., New Bedford, Massachusetts [6]. 

Allen, Zachariah, Providence, Rhode Island [1]. 

Allstou, R. F. W., Georgetown, South Carolina [3]. 
*Ame8, M. P., Springfield, Massachusetts [1]. 

Andrews, Prof. E. B., Marietta, Ohio [7]. 

Anthony, Charles H., Albany, New York [6]. 

Appleton, Nathan, Boston, Massachusetts [1]. 

TOL. XIV. 
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Atkinson, Dr. Robert, Baltimore, Maryland [12]. 
Atterbury, Rev. John G., New AlUanj, Indiana [11]« 
Aveiy, Prof. Charles, Clinton, New York [10]. 



B. 

Bache, Prof. Alexander D., Washington, District of Colamhia [1]. 

Bache, Dr. Franklin, Philadelphia, Pennsylvania [1]. 

Bacon, Dr. John, Jr., Boston, Massachusetts [I]. 

Bagg, Dr. Moses M., Utica, New York [4]. 
♦BaUey, Prof. J. W., West Point, New York [1]. 

Baird, Prof. S. F., Washington, District <^ Columbia [Ij. 

Baird, Dr. Thomas D., Baltimore, Maryland [12]. 

Baldwin, F. H., Waverly, New Y'ork [10]. 

Bardwell, Prof. F. W., Yellow Springs, Ohio [18]. 

Barker, George F., Boston, Massachusetts [13]. 

Barlow, Thomas, Canastota, New YoiIl [7]. 

Barnard, Pres. F. A. P., Oxford, Mississippi [7]. 

Barnard, Henry, Madison, Wisconsin [12]. 

Barnard, J. G., U. S. A., Washington, District of Columbia [14]. 

Barnes, Capt James, Springfield, Massachusetts [5]. 

Barratt, Dr. Joseph, Middletown, Connecticut [13]. 

Barringer, Hon. D. M., Charlotte, North Carolina [12]. 

Barry, L. F., Baltimore, Maryland [12]. 

Bartlett, Prof. W. H. C, West Point, New York [9]. 

Basnett, Thomas, Ottawa, Illinois [8]. 

Batchelder, J. M., Cambridge, Massachusetts [8]. 

Baylis, James, Montreal, Canada [11]. 

Beadle, Dr. E. L., New York, New York [1]. 

Beadle, Rev. £. R, Hartford, Connecticut [10]. 

Bebb, M. S., Rockford, Illinois [13]. 
♦Beck, Dr. C. F., Philadelphia, Pennsylvania [1]. 
♦Beck, Prof. Lewis C, New Brunswick, New Jersey [1]. 
♦Beck, Dr. T. Romeyn, Albany, New York [1]. 

Bell, Samuel N., Manchester, New Hampshire [7]. 

Benedict, Dr. N. B., New Orleans, Louisiana [10]. 

Benedict, Thomas B., Kirk's Ferry, Louisiana [11]* 

Bentley, Cyrus, Chicago, Illinois [13]. 
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Berdon, Hiram, New York, New York [12]. 
Berezj, William, Daillehaut, Canada East [11]« 
Bidwell, Walter H., New York, New York [11 J. 
Bigelow, Artemas, Newark, New Jersey [9]. 
^Binnej, Dr. Amos, Boston, Massachusetts [1]. 
'Binnej, John, Boston, Massachusetts [3]. 
Blackie, Dr. George S., Nashville, Tennessee [10]. 
Blair, Prof. F. O., Lebanon, Illinois [13]. 
Blake, Eli W., New Haven, Connecticut [1]. 
Blake, J. R., La Grange, Tennessee [10]. 
Blake, William P., Washington, District of Columbia [2]. 
*B]aoding, Dr. William, Rhode Island [1]. 
Blaney, Prof. James V. Z., Chicago, Illinois [12]. 
Bledsoe, Prof. A. T., Universitj of Virginia, Virginia [12]. 
Bolton, James, Richmond, Virginia [10 J. 
*Bomford, Col. George, Washington, District of Columbia [1]. 
Botta, Prof. Vincenzo, New York, New York [9]. 
Bouve, Thomas T., Boston, Massachusetts [1]. 
Bowditch, Dr. Heniy J., Boston, Massachusetts [2]. 
Bowman, Francis C, New York, New York [12]. 
Bojnton, Prof. Edward C, Oxford, Mississippi [13]. 
Bradford, Isaac, Cambridge, Massachusetts [14]. 
Brevoort, J. Carson, Brooklyn, New York [1]. 
Brewer, Fisk P., New Haven, Connecticut [11]. 
Ri^gg^ A. D., Springfield, Massachusetts [13]. 
Brocklesby, Prof. John, Hartford, Connecticut [4]. 
Bross, William, Chicago, Illinois [7]. 
Brown, Andrew, Natchez, Mississippi [1]. 
Brown, Richard, Sydnej, Cape Breton [1]. 
Brown, Robert, Jr., Cincinnati, Ohio [11]* 
Brunnow, Prof. F., Ann Arbor, Michigan [10]. 
Brush, George J., New Haven, Connecticut [11]* 
Buchanan, Robert, Cincinnati, Ohio [2]. 
*Burnap, Rev. G. W., Baltimore, Marjrland [12]. 
'Burnett, Waldo I., Boston, Massachusetts [1]. 
Busher, James, Worcester, Massachusetts [9]. 
Butler, Prof. James D., Madison, Wisconsin [13]. 
Butler, Hon. Thomas B., Norwalk, Connecticut [10]. 
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C. 

Cabell, Prof. James L., University of Virginia, Virginia [6]. 

Carpenter, Prof. J. N., Washington, District of Columbia [12]. 
♦Carpenter, Thornton, Camden, South Carolina [7]. 
♦Carpenter, Dr. William M., New Orleans, Loubiana [1]. 

Carr, E. S., Albany, New York [9]. 

Case, Hon. William, Cleveland, Ohio [6]. 

Cassells, Prof. J. L., Cleveland, Ohio [7]. 

Caswell, Prof. Alexis^ Providence, Rhode Island [2]. 

Chadbourne, Prof. P. A., Williamstown, Massachusetts [10]. 

Chapin, A. L., Beloit, Wisconsin [14]. 

Chapin, L. C, New Haven, Connecticut [11]. 
♦Chapman, Dr. N., Philadelphia, Pennsylvania [1]. 

Chapman, Prof. C. B., Madison, Wisconsin [11]. 

Chase, Prof. George I., Providence, Rhode Island [1]. 
♦Chase, Prof. S., Dartmouth, New Hampshire [2]. 

Chauvenet, Prof. William, St. Louis, Missouri {1]. 

Chesbrough, £. S., Chicago, Illinois [2]. 

Chittenden, L. E., Burlington, Vermont [14]. 

Church, Prof. A. E., West Point, New York [10]. 

Churchill, Marlborough, Sing Sing, New York [13]. 

Clapp, Dr. Asahel, New Albany, Indiana [1]. 

Clark, Alvin, Cambridgeport, Massachusetts [4]. 

Clark, H. J., Cambridge, Massachusetts [13]. 

Clark, J. H., Philadelphia, Pennsylvania [12]. 
♦Clark, Joseph, Cincinnati, Ohio [5]. 

Clark, M. Lewis, St. Louis, Missouri [5]. 

Clark, Prof. James, Georgetown, District of Columbia [8]. 

Clarke, Dr. A. B., Holyoke, Massachusetts [13]. 

Clarke, Henry, M. D., Worcester, Massachusetts [14]. 

Cleaveland, Prof. C. H., Cincinnati, Ohio [9]. 
♦Cleveland, Dr. A. B., Cambridge, Massachusetts [2]. 

Clum, Henry A., New York, New York [9]. 

Coakley, Prof. George W., New York, New York [5]. 

Cobleigh, Pres. Nelson E., Lebanon, Illinois [13]. 

Coffin, C. C, Maiden, Massachusetts [13]. 

Coffin, Prof. James H., Easton, Pennsylvania [1]. 
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Coffin, Prof. John H. CX, Annapolis, Maryland [1]. 
*Cole, Thomas, Salem, Massachosetts [1]. 
^Coleman, Rev. Henry, Boston, Massachusetts [!]• 
Comstodi, C. B., West Point, New York [14]. 
Conant, Marshall, South Bridgewater, Massachusetts [7]. 
Congdon, Charles, New York, New York [1]. 
ConkKng, Frederick A^ New York, New York [11]. 
Conway, Rev. M. D., Cincinnati, Ohio [14]. 
Cook, Prof. George H., New Brunswick, New Jersey [6]. 
Copes, Dr. Joseph S., New Orieans, Louisiana [11]. 
Coming, Hon. Erastus, Aihany, New York [6]. 
Coryell, Thomas D., Madison, Wisconsin [IS]. 
Cottle, Thomas J., Woodstock, Upper Canada [10]. 
Cooper, J. Hamilton, Darien, Georgia [1]. 
Cox, Dr. Christopher C, Baston^ Maryknd [12]. 
Craik, Dr. Robert, Montreal, Canada [11]. 
Cramp, Rev. J. M., Acadia College, Nova Scotia [11]< 
Crosby, Alphens, Salem, Massachusetts [10]. 
Commings, Pres. Joseph, Middletown, Connecticut [18]. 
Corley, Prof. James, Georgetown, District of Columbia [S]. 
Curry, Rev. W. F., Geneva, New York [11]. 
Cnrtiss, Charles W., Evanston, Illinois [13]. 

D. 

Dakin, Francis E., Freeport, Illinois [10]. 

Dalrymple, Rev. E. A., Baltimore, Maryland [II} 

Dana, Prof. James D., New Haven, Connecticut [1]. 

Danforth, Edward, Grand Rapids, Michigan [11]. 

Dascomb, Prof. James, OberUn, Ohio [7]. 

Davies, Prof. Charles, Fishkill, New York [10], 

Davies, W. H. A., Montreal, Canada [11]. 

Davis, James, Jr., Boston, Massaehusetts [1]. 

Dawson, Prof. J. W., Montreal, Canada [10]. 

Dean, Prof. Amos, Albany, New York [6]. 
*Dearbom, George H. A. S«, Rozbury, Massachusetts [1]« 
•DeKay, Dr. James E., New York, New York [1]. 

Delafield, Joseph, New York, New York [1]. 
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Delano, Joseph C, New Bedford, Massachusetts [5]. 

Denson, Claudius B., Duplin Co^ North Carolina [12]. 

Dewey, Prof. Chester, Rochester, New York [1]. 

Dexter, James, Albanj, New York [6]. 

Dexter, 6. M., Boston, Massadinsetts [11]< 

Dickson, Rev. Cyrus, Baltimore, Maryland [12]. 

Dinwiddle, Robert, New York, New York [1]. 

Dixwell, Epes S., Cambridge, Massachusetts [1]. 

Donaldson, Dr. Francis, Baltimore, Maryland [12]. 

Doremus, R. Ogden, New York, New Yoric [10]. 

Dow, Prof. Greorge W., Chicago, Illinois [13]. 

Downes, John, Washington, District of Columbia [10]. 

Drowne, Prof. Charles, Troy, New York [6]. 
♦Ducatel, Dr. J. T., Baltimore, Maryland [1]. 

Duffield, Rev. George, Detroit, Michigan [10]. 

Dumont, Rev. A. H., Newport, Rhode Island [14]. 
*Duncan, Lucius C, New Orleans, Louisiana [10]. 

Dunglison, Prof. Robley, Philadelphia, Pennsylvania [8]. 

Dunn, Prof. R. P., Providence, Rhode Island [14]. 

Dunn, T. C, M. D., Newport, Rhode Island [14]. 

Dupuy, Prof. Charles H., Baltimore, Maryland [12]. 

Dwindle, John H., Rochester, New York [II]. 

DwineUe, William H., New York, New York [10]. 

Dyer, Elisha, Providence, Rhode Island [9]. 

E. 

Easter, Prof. John D., Athens, Greorgia [6]. 
Easton, Norman, Fall River, Massachusetts [14]. 
Eastwood, Greorge, Saxon ville, Massachusetts [13]. 
Eaton, Daniel C, New Haven, Connecticut [13]. 
Eggleston, Rev. N. H., Madison, Wisconsin [13]. 
Eliot, Prof. Charles W., Cambridge, Massachusetts [14]. 
Elliott, Ezekiel B., Boston, Massachusetts [10]. 
Elwyn, Dr. Alfred L., Philadelphia, Pennsylvania [1]. 
Ely, George H., Rochester, New York [13]. 
Emerson, George B., Boston, Massachusetts [1]. 
Engelmann, Dr. George, St. Louis, Missouri [1]. 
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Engstrom, A. 6., Barlington, New Jersej [1]. 
Eustis, Prof. Henry L., Cambridge, Massachusetts [2]. 
E^e, Prof. Paul F., Nashville, Tennessee [12]. 
Eyerett, Edward, Boston, Massaohufletts [2]. 
Everett, J. D^ Winsor, Nova Scotia [14]. 
Ewing, Thomas, Lancaster, Ohio [5]. 

F. 

Fairbanks, Prof. Henry, Hanover, New Hampshire [14]. 

Farmer, Moses 6., Boston, Massachusetts [9]. 

Farquhar, W. H., Fair Hill, Montgomerie Co., Maryland [12]. 

Ferrell, William, Nashville, Tennessee [11]. 

Ferris, Rev. Dr. Isaac, New York, New York [6]. 

Feuchtwanger, Dr. Louis, New York, New York [11]. 

Field, Roswell, Greenfield, Massachusetts [13]. 

Fillmore, Millard, Buffalo, New York [7]. 

Fisher, Mark, Trenton, New Jeri^y [ 1 0]. 

Fitch, Edward H., Ashtabula, Ohio [11]. 
*Fitch, Alexander, Eburtford, Connecticut [1]. 

Fitch, O. H., Ashtabuks Ohio [7]. 

Folsom, George, New York, New York [11]. 

Foote, Elisha, Seneca Falls, New York [10]. 

Force, Dr. Charles F., Washington, District of Columbia [12]. 

Force, CoL Peter, Washington, District of Columbia [4]. 

Ford, Richard, Columbia, South Carolina [12]. 

Fosgate, Dr. Blanchard, Auburn, New York [7]. 

Foster, J. W., Chicago, Illinois [1]. 

Fowle, William B., Boston, Massachusetts [1]. 
*Fox, Rev. Charles, Grosse Isle, Michigan [7]. 

Frazer, Prof. John F., Philadelphia [1]. 

French, J. H., Syracuse, New York [11]. 

Fristoe, Edward T., Washington, District of Columbia [11]. 

Frost, Charles C, Brattleboro', Vermont [13], 

Frothingham, Rev. Frederick, Portland, Maine [11]* 
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G. 

Grale, L. D^ Washington, Distrid of Colambia [8]. 

Garrigues, Dr. S. S^ Philadelphia, PeoDsylyaiiia [lOj. 

Gavit, John E., New York, New YoA [1], 
*Gra7, Dr. Martin, Boston, Massachasetta [1]. 

Geddings, Prof. £., Charleston, South Carolina [8 J. 

Gibbes, Prof. L. R., Charleston, Soath Carolina [IJ. 

Gibbes, Prof. Robert W., Columbia, South Carolina [1]. 

Gibbon, Dr. J. H., Charlotte, North Carolina [3]. 

Gibbs, Dr. Wolcott, New York, New York [1]. 

GiUespie, Prof. W. M., Schenectady, New York [10]. 

Gilman, Charles, Baltimore, Maryland [12]. 

Gilman, Daniel C, New Haven, Connecticut [10]. 

Gilman, Dr. Judson, Baltimore, Maryland [12]. 
*Gilmor, Robert, Esq., Baltimore, Maryland [1]. 

Gilhnore, Q. A., Jr., U. S. A., New York, New York [18]. 

Glynn, Com. James, U. S. N., New Haven, Connecticat [1]. 

Gold, Stephen A., New Haven, Connecticut [18]. 

Grold, Theodore S., West Cornwall, Connecticut [4]. 

Goodwin, William P., Concord, New Hampshire [10]. 
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Groneweg, Lewis, Dayton, Ohio [7]. 
Gulick, John T., WiUiamstown, Massachusetts [10]. 
Gammere, Samuel J., Burlington, New Jersey [7]. 
Gayot, Pro£ Arnold, Princeton, New Jersey [1]. 



H. 

•Hackley, Prof. Charles W., New York, New York [4]. 

Hager, Albert D., Proctorsville, Vermont [11]. 

Haines, William S., Providence, Rhode Island [9]. 

Haldeman, Prof. S. S., Columbia, Pennsylvania [1]. 
*Hale, Dr. Enoch, Boston, Massachusetts [1]. 

Hall, Prof. James, Albany, New York [1]. 

Hall, Joel, Athens, Illinois [7]. 

Hamlin, A. C, Bangor, Maine [10]. 
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THE GULF STREAM. 

BY 

PROP. A. D. BACHE, 

SUPBBIKTBKDBKT U. 8. 0OA8T SUBYBT. 



Br request of the Association^ at their last meetings at 
Springfield, I now present a summary of the results of the 
Gulf Stream explorations made by the officers of the Coast 
Survey. 

The Gulf Stream is the great hydrographic feature of the 
United States coast, and no survey of the coast could be 
complete for purposes of navigation, without it. Hence the 
explorations have been early undertaken and thoroughly car- 
ried OIL But as it required peculiar means and special adap- 
tation in the officers to this line of research, and did not 
require a continuous survey, the work has been executed from 
time to time, as means and officers could be had without 
interference with the more regular operations of the hydro- 
graphy. 

An act of Congress which refers to this Survey, requires 
the immediate presentation of its results to Congress, and they 
have therefore been discussed as soon as procured and have 
been given to the public. 
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This is the great sea mark of the coast of the United 
States, both Gulf and Atlantic, and its qualities as hinderances 
and aids to navigation require that the navigator should be 
weU informed in regard to it 

In order to present an intelligible summary of the results 
obtained by the CJoast Survey in the short time allowed for 
a lecture, it is necessary to condense the subject very consid- 
erably, to omit matters at aU extraneous to the subjects in 
hand, and to confine myself to a brief €md direct statement 
of the means employed in examining the stream from its surface 
to its deptiiSj the method of studying the results^ and of the 
results themselves. 

The temperatures in and near the Gulf Stream, are among 
its most striking peculiarities, and therefore have formed one 
principal object of observation. It will be necessary in order 
to bring the subject within limits, to confine myself chiefly, at 
this time, to the consideration of this class of facts and to the 
results and laws connected with them. 

I shall proceed therefore to consider the subject under the 
following heads : 

1. The instruments for determining depths and temper- 
atures and for obtaining specimens of the bottom. 

2. The plan of research. 

3. The method of discussion of the results. 

4. The results, consisting of type-curves of the law of 
change of temperature with depth, at several characteristic 
positions. Type-curves showing the distribution of temper- 
atures across the stream, represented by two sets of curves, 
one in which the variable temperatures at the same depth is 
shown, and the other in which the variable depth of the same 
temperature is represented. Upon the diagrams showing these 
latter curves, the figure of the bottom of the sea is given, 
where it has been obtained. 

Discussion in regard to the cold wall, which is one of the 
most interesting features of the approach to the Gulf Stream. 

5. The limit of accuracy of the results. 
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6. The figure of the bottom of the ocecui below the Gulf 
Stream. 

7. The general features of the Gulf Stream as to temper- 
ature. 

These points are illustrated by diagrams, enabling the eye 
to foUow the results as they are stated. 



L IN8TRUMSNT8. 

1. For Temperatures. — The instrument for determining 
temperatures should fulfil the two conditions of registering 
its indications and of being unaflected by pressure. The 
common mercurial thermometer, while it answers perfectly for 
the determination of temperatures at the surface, fails in both 
the conditions stated. The ordinary self-registering thermom- 
eter, or self-registering metallic thermometer, in the watch 
form, as made by Breguet, Montandon, and Jiirgensen, when 
provided with a suitable cover to protect it from pressure, 
answers a good purpose, and has been extensively applied in 
the course of the observations. As a rule it is only the mini- 
mum temperature thermometers that must be used, as the 
temperatures decrease generally in descending. An ordinary 
self-registering minimum thermometer placed in a glass globe, 
was successfully used by Commander Charles H. Davis, and 
by Lieut. G. M. Bache. It has the disadvantage of taking 
the temperature slowly, and of being inapplicable below a 
certain depth. Small hollow cylindrical brass vessels which 
were divided in two parts closely fitted by grinding, and 
within which the Breguet thermometers of the wateh form 
were placed, were an improvement upon the glass globe, as 
taking the temperature of the sea more rapidly, but besides 
the difficulty of making the joint tight, they were crushed by 
the pressure, at even moderate depths. The substitution of 
a globe, for the cylinder, extended the range of these instru- 
ments, but the thermometers were often crushed or injured by 
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the access of sea-water to the interior of the globe. Six's 
self-registering thermometers, as bearing considerable pressure 
without injury and without rendering the indications errone- 
ous, and as requiring no case to enclose them, except to pre- 
vent breaking from accidental knocks in handling, are very 
useful. They are still favorites with many of the officers, 
though others complain of their great liability to derangement, 
especially if the mercury is not perfectly clean, when the 
mercurial column easily separates and some skill is required 
to bring it together. These instruments are from their cheap- 
ness still furnished to the parties and are used successfully at 
depths reaching about one hundred fathoms, and on occasions, 
considerably lower. Keeping them in order requires the skill 
of an experimenter, rather than that of an observer, and hence 
they do not satisfactorily fulfil the conditions of the problem. 
The metallic thermometer of Joseph Saxton, Esq., of the 
U. S. Office of Weights and Measures, is a compound coil 
resembling somewhat the well-known instrument of Breguet. 
In its construction, two stout ribbons, of silver and platinum 
— carefully united by silver solder to an intermediate thin 
plate of gold — are coiled with the more expansible metal in 
the interior. The gold serves to prevent the tendency of the 
silver and platinum to separate. The lower end of this coil 
is fastened to a brass stem passing through tiie axis of the 
coil, while its upper end is firmly attached to the base of a 
short cylinder. The whole motion of the coil as it winds and 
unwinds with variations of temperature, thus acts to rotate 
the axial stem. This motion is magnified by multiplying 
wheels contained in the short cylinder at top, and is registered 
upon the dial of the instrument by an index, which pushes 
before it a registering hand, moving with sufficient friction 
merely to retain its place when thrust forward by the index 
hand of the thermometer. These instruments are graduated 
by trial. The brass and silver portions receive a thick coating 
of gold by the electrotype process, to prevent the action of the 
sea-water upon them. 
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When kept clean by frequent washing in fresh water, and 
in good order and frequently compared with the standards to 
gnard against accidental derangements, these thermometers 
answer admirably all the required conditions. The length of 
the coil measured along its axis should not be less than six 
inches, as the interposition of wheels to magnify the motion, 
should, as far as possible, be avoided. The water being all 
around the coil, which is a good conductor, and has a low 
specific heat, the instrument readily feels the temperature of 
the part of the sea where it is exposed, and registers it to less 
than half a degree (say 0.2) with certainty. The box which 
covers the coil and indicating part of the thermometer is 
merely to protect it from accidented injury, and is open so as 
to permit the sea-water to pass freely through it. Plate IV. 
gives a view of Saxton's metallic thermometer, and of its 
various parts in detail. Although there seemed no reason to 
doubt that this instrument was free from any effects of press- 
ure, it was deemed desirable to actually try it by extreme 
pressure, and a series of experiments made by J. M. Batch- 
elder, Esq., showed that at pressures less than that corre- 
sponding to 600 fathoms, the effect was less than one degree 
(0^55 to 1**), and at pressures from 600 to 1,500 fathoms the 
change amounted to little more than from 7° to 9® Fahr., the 
index returning when the pressure was removed. For great 
depths the effects of pressure must be ascertained, as it is 
fpecific in each instrument and probably depends chiefly 
ttpon some mechanical defect in the construction, perhaps in 
the soldering.* 

The apparatus used in these experiments on the effect of 
{ffessure, was a very ingenious one for testing hydraulic engines, 
by Mr. Thomas Davison of the Novelty Iron "Works of New 
York. Fig. No. 12, Plate IV. 



* Golf Streftm EzplonUiooB, Third Memoir, Prooeediogs Amer. Assoc. Adv. 
ScL, 13th Meeting, Springfield, 1859, and Amer. Jour. ScL [2] vol. xxix. 1860. 
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2. For Depths. — Where the depth becomes considerable 
the usual sounding line fails entirely to give it, especially if 
there is a current, and more especially if there is besides a 
counter-current. The amount of " stray line " is very variable. 
This subject has been ably examined of late years by Com- 
manders Maury and S. P. Lee, Lieuts. Berryman, Brooke, 
and others of our navy, and by Commander Dayman and 
others of the British navy, and especially by Prof. Trowbridge 
of the Coast Survey in his memoir read before the Associ- 
ation (" Deep Sea Soundings," by "W. P. Trowbridge, Assist- 
ant U. S. Coast Survey), at the meeting in Baltimore, and 
republished in the American Journal of Science and Arts, 
vol. xxviii. for the year 1858. 

The use of Ogden's or Ericcson's leads to one hundred 
fathoms is still continued by some of the officers of the sur- 
vey, though, at such depths, nothing better than the common 
sounding line is in fact required. Massey's lead with "Wolt- 
man's wheel, as an indicator, has been extensively used of 
late years. Mr. Saxton's indicator is more simple than 
Massey's, but acts upon the same principle. To remedy the 
defect of the turning of the cord of the lead line, two indi- 
cators are applied, one on each side of the axis. Prof. Trow- 
bridge's lead modified somewhat fiom that described at the 
last meeting of the Association in Baltimore, has recently 
been tried with good success by Lieut Comdg. Wilkinson in 
the last soundings across the straits of Florida for the tele- 
graph to Havana. The most reliable observations heretofore 
made in the Coast Survey have been with Massey's indicator, 
the errors are not such as to affect the development of the 
laws of change at the moderate depth reached in most of the 
observations, and at great depths the changes are very slow. 
The new apparatus has the advantage of saving a great deal 
of time, and therefore inaccuracies from change of position 
during the sounding are avoided. 

3. For obtaining specimens from the bottom. — The only 
satisfactory test of having reached the bottom of the sea at 
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considerable depths being the bringing up of a specimen, this 
has been a subject of constant study with us. The different 
instraments invented by Lieut. Stellwagen, Conunander Sands. 
Lieut. Craven, Lieut Berryman, Lieut. Brooke, and other 
officers of our navy, are all in use for different kinds of bottom, 
and according to the preference given by different hydrographic 
ciiiefs. The one most commonly used in these explorations 
has been Lieut. Stellwagen's invention ; a cup placed below 
the sounding lead, covered by a disk or valve of leather which 
slides up the stem of the cup and opens when the lead is 
descending, closing when it is raised. The weight of the lead 
and the turning of the cord generally suffice to sink the cup 
mto the bottom, filling it, and when the valve is made to close 
tightly by a piece of flexible leather below the stiff disk, the 
specimen is not washed out as the lead is drawn up. In 
Commander Sands's sounding apparatus a spring keeps an 
outer cylinder over an opening in an inner hollow one, until 
it reaches the bottom, when the outer cylinder is forced 
upwards, and the opening at the side of the inner one, which, 
having a conical termination, penetrates the bottom, and per- 
mits a specimen of the bottom to pass in. On raising the lead 
the spring forces the outer cylinder over the opening, pre- 
venting the specimen from being washed out. The only 
very deep soundings being, as a general rule, in soft bottom, 
Sands' specimen-cylinder is admirably adapted to that class 
of work. 



n. PLAN OP THE WORK. 

The plan of the work was simple. The temperatures were 
to be ascertained at various depths, at different distances from 
the coast, on sections as nearly at right angles with the stream 
as practicable, the sections starting from some point well 
known in position. The temperatures were to be taken at 
distances diminishing as the changes of temperature were 



Ivi LEOTUBB ON THB GULF STREAM. 

more rapid. So in regard to the depths, the observations 
were to be multiplied in the strata of rapidly varying temper- 
atures near the surface. So in regard to position, when the 
cold water near the coast was rapidly exchanging for the 
warm water of the Gulf Stream, the positions diminishing in 
distance as the source of the warm water was approach^ 

The vessel's position was determined with reference to 
some prominent point, Sandy Hook or Cape May, £or exam* 
pie, the course run was perpendicular to the supposed axis of 
the stream, S. E., several positions were taken up in succession 
and at each the temperatures ascertained at the surface, at 5, 
10, 15, 20, 30, 50, 100, 200, 300, 400, 600 fathoms, or depths 
found to apply more satisfactorily under the general rule, to 
the position and section. Having crossed the stream, any 
position found to be desirable could be assumed on returning, 
and the extreme position reached was verified by the return to 
the coast. 

The summer season was selected for the standard obser- 
vations, for various reasons, but chiefly for two, namely, that 
the weather permitted more accurate work, and the phe*- 
nomena were more likely to be those of equilibrium, when 
the surface water was more slowly changing its temperature. 
Our little vessels could not, without considerable danger, be 
exposed to the roughness of the wind and water in the Gulf 
Stream in winter, and when we attempted comparative winter 
observations, disappointment was often the result. The loss 
of one valuable officer and ten of his crew, and the extreme 
peril of another in autumnal explorations of the stream, has 
but too fully justified these precautions. The propriety of 
selecting the summer for making the observations was com- 
pletely proved by the success in determining the laws of 
temperature. 

These observations were but incidental to the hydrography 
of the coast, and hence were prosecuted only when means 
could be spared from other more pressing and regular parts of 
the work. It was only a favorable conjuncture with regard to 
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officers, meanS) weather, adaptation of vessel, and the like, 
which gave results even when attempted. Too much credit 
cannot be assigned to those who have succeeded in this labo- 
lioos and perilous work, and their names have been kept in 
close connection with their results, whenever and wherever 
teoog^t before the public, and they have been carefully pre- 
sefved in the archives of the survey. Charles H. Davis, 
George M. Bache, S. P. Lee, Richard Bache, John N. Maffitt, 
T. A. Craven, Otway H. Berryman, B. F. Sands, and John 
WiUdnson make up the list of our successful observers in this 
field within the last sixteen years. Their names you will see 
attached to the sections run by them, on the general chart of 
the Gulf Stream presented to you this evening. 

The first was run in 1844, from Nantucket south and east- 
ward, by Commander C. H. Davis, now the accomplished 
Superintendent of the Nautical Almanac, and the last in 
1860 by Lieut. John "Wilkinson, from the Tortugas, southeast 
to the coast of Cuba. The work still goes on perseveringly. 

The number of sections run has been fourteen, the number 
of positions on these sections occupied 300, and the number 
of observations made for temperature 3,600. The limits 
below which the stream and the adjacent waters have been 
explored for temperatures are from latitude 23^ N., to 41° N., 
and from longitude 83° "W. to 66i° W. from near Havana to 
near Cape Cod, and from the Tortugas to 9i° E. of Cape 
Henlopen. The distance along the axis of the Gulf Stream 
to the most north-eastern point in the North Atlantic, meas- 
ures nearly 1,400 nautical miles. 

in. METHOD OP DISCUSSION OP THB RESULTS. 

These have generally been discussed by diagrams, some- 
times by analytical formulae ; the former method is generally 
best adapted to the character and degree of accuracy and 
circumstances of the observation ; the diagrams finally adopted 
after trials were chiefly of three difierent kinds, one for the 
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discussion of the change of temperature with depths, the two 
others for the change of temperature with position as well as 
depth. Of the first of these diagrams Nos. 1 and 2, Plate L, 
are specimens. The depths constitute the ordinates and the 
temperatures the abscissae of a curve, showing the law of 
change of temperature with the depth. Upon the hoiisontal 
lines at the top of the paper the temperatures from, ten 
degrees to ten degrees Fahr. are written, and on the vertical 
line at the side the depths. The separate observations being 
represented by dots, the curve is drawn with a firee hand 
among them. 

The next two dasses of diagrams give the distribution of 
temperatures across the sections. In the first the temper- 
ature corresponding to the same depth; in the second the 
depths corresponding to the same temperatures. In this 
latter the figure of the bottom is shown when ascertained. In 
both classes the distances firom the cape, or headland, city, or 
inlet, which is the origin of the section is marked, and the 
several positions occupied for observing, so that the absciss® 
of the curve are the distances firom the point of beginning. 
In the first (see diagram No. 4, Plate I.) the temperatures are 
marked on the vertical lines at the left side of the diagrams, 
the ordinates of the curves thus corresponding to temperatures. 
In the second (see diagram No. 9, Plate L) the depths are 
similarly written, the ordinates thus corresponding to depths. 
The notes or legend, show in the first case to what depths the 
curves correspond, and in the second to what temperatures. 
The observations at each position being plotted according to 
its temperature or depth in the two classes of diagrams, the 
curve is drawn with a free hand among the points. 

It should be observed that the discussion of each season's 
observations was in general made separately, and that the 
result of one, two, or three seasons, grouped, were announced 
separately, leaving to the new observations to confirm, or 
refute, the conclusions drawn. It is a remarkable fact that 
with such difiiculties in the way, in the character of the phe- 
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Bomeiia to be obsonred^ in the diversity of secusons and of 
obeervens tbe phenomena have always been readily dednciUe 
firom the observations, and that the separate discnssions have 
been eonfirmations, the following of the preceding; in short 
tiiat ike natore of the medium in which the work has been 
peifonned in its relations to heat, has more than compensated 
for otlier difficulties, and that the results are more accordant 
than the elaborate ones obtained from the progress of temper- 
ature below the surface of the ground by the experienced and 
skilful observers who have made them. Pew observations 
have been rejected in the whole series. 

I need not notice special diagrams, which will be explained 
when your attention is caUed to them. 

When the character of the diagrams to be made had been 
definitely fixed, they were prepared under the direction of the 
chiefs of ibe parties, so that I was relieved of the personal 
labor of representing the results. In the subsequent general 
diBcussion I was greatty assisted by Prof. Pendleton, U. S. N., 
and by Prof. W. P. Trowbridge, Assistant U. 8. CJoast Sur- 
vey, who has made a general review of the whole of the 
results, preparatory to their publication in a volume of the 
Records and Results of the Coast Survey. 

IV. RESULTS. 

1. Ttfffe-curves of law of temperature with depths at the 
most characterisHc positions. — The two most characteristic 
positions are in the cold current between the land and the 
Golf Stream and in the cuds of the stream itself. 

1. Diagram Na 1, Plate L, is a specimen of the type-curve 
ia the cold current. The long tongue firom the surface to 
about fifty fathoms in depth is the overflow of the warm water 
of the Gulf Stream, tiie temperature varying firom 81^ to 
about 55**. The temperatures in the mass of water firom fifty 
&thoms down to five hundred fathoms are just such as would 
take place in a mass of water heated by conduction firom the 
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surface, the law is that of a logarithmic curve, in which the 
conducting power of sea water is the modulus of the system. 

A comparison of many of these curves with the logarithmic 
form showed that it was applicable to them within the limits 
of the probable error of the observations. Taking the warm 
stratum from the Gulf of Mexico above GLud the cold polar 
stratum below, the mass of the water between is heated by 
conduction. The bottom of the sea has not been reached 
under the axis of the Gulf Stream, north of Cape Lookout on 
the North Carolina coast. 

This form of curve was deduced in 1844 from the obser- 
vations of Commander Charles H. Davis and was the first 
discovery made in connection with the then recently com- 
menced systematic exploration of the Gulf Stream by the 
Coast Survey. 

3. Nos. 2, 3, and 3 bis, Plate L, are specimens of the type- 
curve in the Gulf Stream, taken from the sections off Cape 
Henry, Cape Hatteras, and Charleston, being characterized 
by the comparatively short beak or projection, and the per- 
sistence of the higher temperature to great depths, as 55^ to 
425, 450, 550 fathoms, giving the peculiar shape to this curve 
between fifty and five hundred fathoms. 

II. TTPE-OURVES OF DISTRIBUTION OF TEMPERATUBE ACROSS THE 

STREAM. 

(a) Curves of temperature at the same depths. — The sec- 
tions made are the foUowing, begmning the enumeration at 
the Gulf of Mexico : 1. Tortugas to Havana. 2. Som- 
brero Key to Salt Key. 3. Carysfort, L. H., to Cuba. 4. 
Cape Florida to BeminL 5. Off Cape Cafiaveral. 6. Off 
St Augustine. 7. Off St Simon's, Georgia. 8. Off Charles- 
ton. 9. Off Cape Fear. 10. Off Cape Hatteras. 11. Off 
Cape Henry. 12. Off Cape May. 13. Off Sandy Hook. 
14. Off Cape Cod, being on the average one to each hundred 
miles along the axis of the stream. These are mariced on 
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the general chart, Plate IIL, the names of the explorers being 
stated in the column which gives the point of origin of each 
section. 

The Sandy Hook curves, Nos. 4 and 5, Plate L, are among 
the best of the type-cnrves of temperature at the same depth, 
though among the earliest determined. The overflow of the 
Gulf Stream into the long space occupied by the cold current 
between it and the shore, mixing in a degree with the cold 
water, is well shown by the curves' a b and c at the surface, 
5 and 10 fathoms, and the still greater admixture with the 
cold water at 20, 30, and 60 fathoms (rf, «,/). The whole 
space from the shore to 240 miles is occupied, however, with 
comparatively cold water. Then is met the sudden rise to 
&e Gulf Stream shown especially below 50 fathoms, and 
termed so appropriately by Lieut. George M. Bache the " cold 
wall," that navigators have not hesitated to receive the term 
into use ; next the hot water of the Gulf Stream, rising to a 
maximum of 82^, then falling to a minimum of 80^, rising to 
a second maximum of Sli^ faUing to a second minimum of 
78^, and rising from this toward a third maximum. With 
these results the curves at 5 and 10 fathoms, and those at 20, 
30, 50, 70, 100, and 160 fathoms agree, and, with characteristic 
differences, those of 200, 300, 400, and 500 fathoms. 

The cold wall at 20 fathoms shows a rise of 19* in 25 
miles, three quarters of a degree to a mile, and at 200 fathoms 
of 16^, in the same distance ; at the surface it is nearly 8° in 
50 miles. The cold water between the Gulf Stream and the 
shore has two well-marked maxima and two minima in it, of 
which one seems to correspond in position to the sudden 
deepening of the water 100 miles from Sandy Hook, as shown 
by the Ck)ast Survey off-shore chart between Gray Head and 
Cape Henlopen. 

These results are more distinctly seen by grouping the 
curves into natural groups and taking the mean of their indi- 
cations. Diagram No. 5, Plate I., gives the group of six 
curves from the surface to 30 fathoms, of four curves from 40 

VOL. xrv. p 
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to 100 fathoms, both inclusive of 200, 300, and the single 
curve at 400. 

Similar groups are shown on Diagram No. 6, Plate L, from 
Cape Henry, the cold wall, three maxima of temperature and 
three minima being very distinctly seen. The results of three 
different explorations of this section, by three different officers, 
in three different years, are shown upon the same diagram. 
The coincidence of result could hardly be better. The 
average of the whole of the observations is shown in No. 6 
bis, Plate L 

The cold v^all here gives a change of 22i° in 50 miles from 
the curves between and 30 fathoms, and 18^ in 50 miles in 
the mean of 200, 300, and 400 fathoms. 

The average of the three years comes out beautiftdly on 
Diagram No. 6 bis, Plate L The Charleston curves are shown 
upon No. 7, Plate L They are less regular than those just 
given, for reasons which will appear when I come to speak of 
the second class of diagrams. 

The conclusions deduced from the examination of all the 
sections between Cape Florida and Sandy Hook is, that the 
Gulf Stream is divided into alternate bands of hot, or warm, 
and cool or cold water, the most distinct of which is that con- 
taining the axis of the Gulf Stream. 

That between the stream and the coast there is a fall of 
temperature so sudden that it has been aptly called the cold 
wall, less distinct at the surface and where the overflow from 
the Gulf Stream passes furthest toward the shore, but still 
distinctly marked even at the surface. 

Navigators have noticed these changes of temperature and 
have supposed themselves at each occurrence of warmer water 
to be in the hottest water of the stream, and so have been 
greatly embarrassed and have deemed the phenomena and 
limits of the Gulf Stream to be very irregular. 

The cold water between the Gulf Stream and the shore has 
also bands less regular than those beyond the axis of warmer 
and cooler water. 
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The intrusive cool water in the Gulf Stream on the Sandy 

Hook section was distinctly recognized in 1846 by Ldeut. 

'Cteo. M. Bache, who, from the facts observed, supposed it to 

Hepresent a division of the warm water of the stream into 

jtoro branches. 

Passing through the Straits of Florida between the keys 

id reefs and the coast of Cuba we have, after going beyond 
Florida, a different type-curve. The cold wall is less 

itinctly marked, and the rise of temperature is less marked. 

rises however to an axis near the coast of Cuba. Through- 

the length of the strait there is but one maximum of 

imperature, and the bands belonging to the Atlantic regimen 

not occur in the straits. (See diagrams Nos. 3, 4, 5, 6, 

late IL) The cause of this change of regimen will be seen 

presenting the other form of diagram. 

(b) Curves of depths at the same temperaiure. — I have 
elected curves from the southern portions of the work, partly 
;1)ecause the bottom has been struck in the sections, and the 
diagrams show its sections as well as those of the stream, and 
-partly to show how fully the deductions in regard to the 
divisions of the stream apply to these, as well as the more 
northern sections. The Charleston section of Lieut. Maffitt 
is given on diagram No. 9, Plate L The surface curve, not- 
withstanding the disturbance by a storm, shows the cold wall 
(see also No. 7), the axis, and two other maxima, the corre- 
q[>onding minima, a maximum within the cold current which 
is not therefore, as has been supposed, cut off at Hatteras, the 
carve of 72° reaching to the coast, and 77® nearly reaching it. 
The Cape Florida diagrams (Nos. 3 and 7, Plate II.) give two 
maxima with indications of a third, and the corresponding 
minima. The cold wall cannot be recognized upon it, prob- 
ably for the want of one or two more positions. 

The form of the bottom delineated on these two sections, 
namely the Charleston and Cape Florida sections, is remark- 
able, and applies to the sections between them as far as ex- 
plored. First is a gentle slope, then a sudden descent, a second 
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steep pitch to a considerable depth, a range of hills, a vallejr, 
and a second range. 

The correspondence of these features with the bands of 
temperatnre is plainly marked. The cold water lies in the 
valleys, and passing along the bottom rises upon the tops ^die 
hills. The discovery of this range of hills wgis made at nttrly 
the same time by Lieut. Maffitt on the Charleston seotkm, 
and by Lieut. Craven on the St. Simon's section. Diagram 
No. 9, Plate L, shows this connection in a very striking maim^) 
as does also No. 7, Plate IL, and the figure of the bottto of 
the Straits of Florida, shows why there are no bands formed 
prior to passing Cape Florida, in other words, why the regimen 
of the strecun is different in the straits and in the Atlantic. 
In the straits we see (No. 9, Plate IL) that, after leaving the 
United States shore and the comparatively flat surface extend- 
ing to the reefs, there is a rapid descent toward the Cuban 
side of the strait, the axis of the Grulf Stream being found in 
the deep hollow of that side of the strait. 

These results, with a more elaborate discussion of tbem, 
were presented at the last meeting of the Association* It 
would seem, from the configuration of the bottom, that Ae 
cold stream at the bottom of the Straits of Florida divides, 
one portion passing to the north and west into the Gulf of 
Mexico, and the other around the western end of the Island 
of Cuba. That the polar stream still occupies the bottom of 
the strait is shown by temperature of 35** Fahr. being reached 
at 600 fathoms from the surface off Havana. 

Do these bands correspond throughout their length to the 
form of the bottom of the sea? This is not yet made out, 
many as have been the attempts to reach the considerable 
depths off the more northern sections. Three officers have 
attempted to sound out the Cape Cod section, but the cold 
wall is all that has been reached thus far. The range of hills 
nearest to the coast, has been traced from the coast of Gre<»gi^ 
by Commander Sands, to off Cape Lookout 
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in. THE COLD WALL. 

The cold wall extends, with varying dimensions and changes 
of its peculiar features, all along the coast where the stream 
has been examined. A diagram showing the features of the 
cold wall on the various Atlantic sections and those of the 
Straits of Florida is given in No. 10, Plate I. Table No. 1 
shows the distance of the cold wall firom the coast, and the 
dimoasions of the Atlantic bands of the Gulf Stream. 

Tbe table shows that at Cape Florida and Cape Hatteras 
the cold wall is nearest to the coast. The distance of the axis 
of the stream firom the coast will be found by adding half the 
numbers in the second column to those in the first column. 
It is obvious firom these numbers, when taken in connection 
with tbe longitudes of the points where the sections originate, 
that the earth's motion is not the sole determining cause of 
the direction of the axis of the stream, a result which a more 
elaborate investigation of the movements firom parallel to 
parallel confirms. In the portions of its course between Cape 
Florida and Mosquito Inlet (3^^ of latitude) the curve is actu- 
ally dightly to the westward. 
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50 
70 
25 



IZYi LECTURE ON THE GULF STREAM. 

NoTB. — The widths of the bands beyond the 2d maximom, and north of dff 
Hatteras, are somewhat indefinite. 

The table shows a width in the Gulf Stream proper abng 
the Atlantic coast of from 25 miles off Cape Florida to 127 
miles off Sandy Hook. The warm water at say fifteen fath- 
oms, is from 30 to 150 miles in width. The stream widens 
each way from Cape Florida. These several divisions of the 
Atlantic stream lose a portion of their distinctness as we pass 
northward and eastward, the stream widening. 



y. LIMIT OF AOCUBAOY OF THE DETERMINATIONS. 

There are two modes by which the limits of accuracy of 
these results may be tested, by one of which their permanency 
is also tried. In this latter mode the sections are run over in 
different years, or in the same year by different officers, so as 
to connect the observations of one year with those of the 
next, or of one officer with that of another. Table No. 2 
shows that the relative results are reproduced from year to 
year with less variability than those of the mean temperature 
of the section ; and hence the permanency of the bands and 
the possibility of observing them with the requisite predsion 
must be admitted. On the Cape Henry section, which was 
explored three times, the positions of the cold wall and of the 
axis of the stream were reproduced within 5i miles, and those 
of the succeeding points of maximum and minimum temper- 
atures within 7i miles. As the positions at sea are liable to 
an uncertainty of some three to five miles, it must be admitted 
that the permanency of the bands and the accuracy of ^^ 
observations of them are fully proved. 

The Cape Henry section was run over by Lieuts. G. M. 
Bache, S. P. Lee, and Richard Bache, the Hatteras section by 
Lieuts. Richard Bache and J. N. Maffitt, and the Charleston 
section by Lieuts. J. N. Maffitt and T. A. Craven. 
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Tablb n. — Tablb SHOwiva the Fbobablb Ukcibtairtt in the Db- 

TBimiKATIOX OF MAXIMUM ABD BilNIMUM FOINTS, BT BUNKINO THB 8AMB 
SsOnOir OYBB IB DIVrBBBHT YbABS BT DIFFBBENT ObSBBTXBS. 



Cape Henry Sectkm. 



Dfttas and dmbm of obtenwn. 



Lieat. G. M. Bache, 1846, 

«* 8. P. Lee, 1847, 

" B. Bache, 1848, 



Means for three years, 



Probable error for each year, 



Mean diBtanoet from the diore. In mllet, from the emref 
repreMDtliig the gn>Dp0. 



5g 



93 
91 
97 



84 



5.85 



3^ 



135 
146 
146 



142 



4.27 



S a 



]i 



187 
185 
180 



184 



2.42 



218 
215 
197 



210 



7.62 



• 

a 


i 


260 
291 

287 


320 
337 
328 


279 


328 


11.31 


5.71 



369 
338 
370 



370 



7.18 



CcMpe Hatteras Section. 



TJenU B. Bache, 1848, 
" J. K. Maffitt, 1853, 



Means for two years. 



Probable error for each year, 



Means for both sections. 



90 
75 



82 



6.4 



5.85 



5.3 



134 
125 



129 



4.3 



3.4 



162 

157 



159 



2.4 



5.0 



214 
211 



286 
256 



212 



266 



1.5 



6.4 






15 



1.04 



355 
322 



338 



16 



1.16 



Average nncertainty of maxima and minima, ... 6.9 miles. 
" " cold wall and axis, . . . . 5,5 " 

" " all the other points, ... 7.4 " 



it 



t€ 



Ixviii LECTURE ON THE GULF STREAM. 

The other mode of testing the results is by the comparison 
of the remarkable points in the different sections, each one 
belonging to a different position and therefore being^ enliielj 
independent of the other in its determination. It is estabiiriied 
as a general law, that the cold wall and axis of the hottest 
water change their position from the surface to the depdi of 
six hundred fathoms slowly and by an ascertained progression, 
and that the succeeding maximum and minimum points are 
at the same distance from the shore, nearly, at different depths, 
or in a vertical line at aU the different depths. The podtioBS 
of these points as shown by the observations at difier^it 
depths, become thus the test of the permanency of their posi- 
tions, and of the accuracy with which they have been asce^ 
tained. Table 3 gives the probable error of the mean of the 
determinations of each point, including the cold wall minimnm, 
the axis maximum, and the successive minima and maxima 
to the fourth minimum inclusive. These results show that 
the cold wall minimum is ascertained, on the average, within 
0.83 mile, the axis maximum within two miles and a half, the 
second minimum within two miles and a half, the second 
maximum and third minimum and third maximum witiun 
four miles, and the fourth maximum within eight and a half 
miles, all being satisfactory except the last, which of course is 
in reality loosely defined. The Hatteras result for the tfris of 
the stream makes the probable error considerably larger than 
it would otherwise be, probably from the fact that the prox- 
imity of the bottom of the sea makes the result less permanent 
than in the other cases. Without this result, the mean prob- 
able error would be 1.1 mile. 
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TABI.B nL — RsOAFITUULTIOir, SHOWIirO THB YaIAJM OF THB PROBJLBLB 

Erbob of Dbtibmutatioii of THB Bands fob bach Sbction and thb 
Atkbaqb of thb Wholb. 



8«otkas. 


PiolwbU anon. 


Istmin. 




UmlB. 


2fliinz. 


Sdmin. 


8dm«x. 


4Uiinlii. 


SftBdjrHook, 




.75 




3.94 


7.99 






Cape Maj, 


.82 


1.25 


2.54 


1.57 




4.03 


4.87 


Cape Henrf , 8 jean. 


.84 


.61 


.55 


1.70 


1.06 


.94 


3.42 


Cape Hattms, 2 jean, 




6.77 


6.36 


9.31 


5 69 


6.23 




Cape Fear, 




1.25 






2.98 


3.49 


13.37 


Charieeton, 


1.25 


1.67 


.72 


2.09 


2.40 


.82 




St. SimoDB, 




.74 


1.27 


.41 








8t. Aognstiiie, 
Cape Calayeraly 


.52 
.95 


.51 
1.69 


.44 

.39 


.44 


.55 






Mean probable enor, 


.83 


2.49 


2.49 


4.00 


4.01 


3.71 


8.45 



While these resnlts are so pennanent, the mean temper- 
atures of the sections change considerably from year to year. 
The average temperature between the surface and 400 
&thoms beyond, or outside of the cold wall on the Sandy 
Hook section, in 1846, was as high as that on the Cape Henry 
section in 1848, and that on the Cape Fear section in 1853 
wiUiin a degree of that of the St. Augustine section in 1853, 
while the Cape Hatteras section in 1848 and in 1853 differed 
two degrees in mean temperatures. Again, the temperatures 
from the surface to thirty fathoms, just below the axis of the 
stream, in the Sandy Hook section, in August, 1846, was 
either as high or higher than those on the Canaveral section 
m June, 1853. In general, the Cape May section in 1846 and 
the mean of the Cape Henry section of 1846, 1847, and 1848 
are warmer at the same depths than the sections south of it 
were in 1848 and 1853. 



IZX LECTURE ON THE GULF STREAX. 

These results show that there are great changes in temper- 
ature from year to year, and probably from season to season. 
Some progress has been made in connecting these results in 
a general way with the changes of weather in the Gulf of 
Mexico. 

The depths at which the results are easily determined, and 
where they are characterbtic and as permanent as the phe- 
nomena permit, is thirty fathoms. 



YL FIGURE OF THE BOTTOM OF THE BEA, BBLOW THE GULF SIIIKAM. 

We have seen that in cross sections there is a great resem- 
blance in the bottom of the sea off our coast to the region of 
land more removed from the coast-line in the interior. The 
top of the first range of hills (see Diagram No. 9, Plate L) i& 
1,500 feet above the valley to the eastward of it, distant twelve 
miles ; and the top of the second range 600 feet above the 
same valley, distant fifteen miles. The first slope is 125 feet, 
and the second is forty feet, to the mile. The bottom of the 
sea, from the Tortugas section to that of Cape Florida, rises 
from 800 to 325 fathoms, and from the same point descends, 
in passing northward and eastward. The Cape Florida sec- 
tion showed that there then was present a ridge of compar- 
atively cold water, since the division into bands should apply 
along the stream as well as in the direction of its cross sections. 
The temperature of 40® is in fact reached on that section at 
300 fathoms, and, as well as can be judged from the results 
in the separate sections, there are divisions of this sort The 
diagram No. 2, Plate IL, shows where the curves of 50® and 
45® are found upon the different sections, and indicates a rise 
on the Charleston section and a sharp descent from Charleston 
to Cape Fear. 
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yn. GENERAL lEATURBS 09 THE GULF STREAM. 

m the general diagram now presented to the members 

IIL)| the general features of the Oulf Stream are repre- 

from the Tortugas to the Cape Cod section. Passing 

the Cuban coast, the temperature in June was found to 

>out 84°, or 8° above the mean temperature of Key West, 

iven by the Surgeon-General's report. The current here 

^ble, but sufficient to cause it to hp sought by sailing 

ds making to windward, and even by steamers. Issuing 

the Straits of Bemini, the stream is turned northward 

le land, which confines and directs its course. Its effective 

dty is not derived from difference of temperature, as the 

itions abundantly show, the greatest relative differ- 

being in fact crosswise of the stream. The direction is 

a little west of north, and the velocity is from three to 

les per hour. The temperature bands now begin. The 

►m of the sea, which was one slope and counter slope 

IS the Florida Straits, is here corrugated; the depth, 

id of being unfathomable, as has heretofore been sup- 

I, is but 325 fathoms, in which depth the two currents, 

the poles near the bottom, and from the Gulf at the top, 

pass each other. While the surface water is above 80°, 

near the bottom is as low as 40®. 

ie stream just north of Mosqmto Inlet begins to bend to 

'ard of north, and off St. Augustine has a decided 

the eastward. While flowing thus onward, the warm 

IT seeks the sides of the channel overflowing towards the 

of Florida, and towards the Bahamas, but not as rapidly 

moves on north. Between St Augustine and Cape 

iras the set of the stream and the trend of the coast 

but little, making five degrees of easting in five degrees 

»rthing. At Hatteras it curves to the northward, and 

runs easterly, making about three degrees of northing in 

degrees of easting. In the latitude of Cape Charles it 
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turns quite to the eastward, having a velocity of between J 
and one mile and a half the hour. 

That this curve follows the general sweep of the coast tuk* 
water, appears most probable ; the coast line, the curve of gk 
hundred fathoms, and the ranges of hills discovered by liens, 
Maffitt and Craven, all seem to indicate it. That the direcii 
of the stream is given in a general way by the confignm- 
of the bottom of the sea, is hardly possible to doabt, vA 
admitting that it receives modification from other, andpir 
haps more general, causes. The after progress of this migb] 
stream and of its branches, if it does divide, remains yet tj 
be traced, and so also its heading in the Gulf of Mexica 

I forbear to mingle doubtful speculation upon causes, vri 
the inductions in regard to temperatures, which it has be^ 
the object of these observations to supply, and of this lectd 
to bring to your notice. 
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A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 



I. MATHEMATICS AND PHYSICS. 



1. On the Possibility op expressing the Polar Coordinates 
OP THE Asteroids by converging Series, admitting op 
Tabulation. Bj Prof. George W. Coaklay, of Hagers- 
town, Marjland. 

Let APBhe the elliptical orbit of anj planet, A KB the circle de- 
scribed upon the mcgor-axis as a di- 
ameter, F the focus occupied by the 

■ sun's centre, FP=r the planet's 
I radius-vector at anj moment 

Hence PFM= v = the true 

■ anomaly, NCAt=E= the eccen- 
tric anomaly, CN=ia:= the mean 
distance. Let FJIi = x ; then x = 
r COS r, CM= ae -\- x = a cosF, 
e = the eccentricity. 

vol. XIV. 1 




2 A. MATHEMATICS AND PHTSICS. 

Hence r cos t? = a (cos J^ — e). (| 

Produce FP&nd ON to meet in G, and draw GB perpendkdB 
to OX;letFG=riFD = XiCG = m; then 

Xi=z ricosv, ae -{- Xi = mcos E^ .% mco8£ = ae + riCosf.(5 

Aie^ m sin V sin i; ;. 

Ti Sin IS Bin JD 

But the polar equation of the orbit ^ P^ is r = ^ (^~^*) (|) 

1 -(- « cos v 

Dividing (1) hy (A) w. Tia^. nno ., — (^ + ^ ^08 ^) (cos -^ — ^) (,^ 

1 — e^ 
Hence cos t; — g^cos t; =: cos jE — -|- cos t; cos J^ — « * cos r*. 



.%cosJr=, ^ + cosr 
1 -[- «cos r 



(6) 



.%8in.g=: V^l — e'sint? ; (7) 

1 + e cos v 

where it is evident that V 1 — « * must be taken jvoW^Wy. 
From (2), (3) and (6) we have 

sin v e + cos V , rt\ 

n -: — ijf q— r = a e + ri cos v. p 

sin i?l + c cost? ' 

Eliminating sin j^ by (7), we have 

r, (e + cos r) . 

' ^ = a « + ri cos V. 

Hence, 

^1 • [<5 + (1 — VT— ^«) . cos r] = a e v'l — e« 



«Vl— c« 



^^- i_ViTr7« 



(9) 



1 + 



^ . cos V 



e 
Let 



61 



i-Vl^TT 



e 



i + vH^rp"* 



(10) 
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And, 

a VTZTT^ = «i (1 — ^1^. (11) 

Hence, 

1 + «, COS r 

It is therefore evident that the locus of the point (r is an ellipse, the 
radius-Tector F G coinciding with that of the planet in direction, I 
shall call this ellipse the first derived orbit of the planet. 

According to the usual notation, let 

« = sin g) , and 6| = sin g)i ; 

Then 

am a 2 sin ^ qp cos 4 <p . i 
am q>i = — - — i — = i-? i-i = tan * op. 

^ 1+C089 2cos«i9 *^ 

Or, 

sin gpi = tan ^ 9. (13) 

It is also easy to prove that 

l + «i' 
Whence, 

6» = 2» . cf . (1 + <?i^-*. (15) 

It is well known that the radius vector r, and the true anomaly 
V, of any planet can be developed in series arranged according 
to Uie ascending powers of the eccentricity e ; hence by substitution 
from (15) and developing, those coordinates may in like manner be 
expressed in series arranged according to the powers of the much 
smaller eccentricity ei ; which I apprehend will be found advantageous 
in the case of the asteroids. If, however, it should happen that ei is 
still too great, then a second derived orbit may be obtained from the 
first, exactly as the first was derived from the planet's true orbit, and 
in which we should have the relations, 

sin g)j = tan J g)i, Ci = 2" . ej . (1 + ^"", 

by the substitution of which the planef s coordinates would be ex- 
pressed in terms of the powers of e^ This process may evidently be 
carried on to any required extent ; and even the perturbations of the 
asteroids, which depend upon the eccentricity, may be expressed by a 
similar transformation, with more converging series than in the usual 
manner. Hence they may admit of tabulation like the older and less 
eccentric planets. 



A. MATHEMATICS AND PHYSICS. 



2. Theory connected with the Solar Spots (Abstract). By 

Prof. C. W. Hackley of New York. 

Obsertations made by me for a number of months, indicate {hat 
when the penumbrse of the solar spots are equally broad on the east and 
west side of the nuclei, the temperature at the earth rises much and 
rapidly within a day or two after, and suddenly falls again below its 
normal state, the fall being oflen accompanied by an aurora. 

I have been disposed to attribute this to an emanation of transparent 
elastic matter, from the opening in the pholosphere of the sun, which 
constitutes the macula. This matter reaching the vicinity of Uie 
earth's attraction with great velocity, contracts by the action of the 
attraction, giving off heat, and expands again on passing away from the 
earth, producing cold ; and affording the material for the Aurora 
Borealis, especially when coming in contact with the terrestrial at- 
mosphere. 

The force requisite to produce such a velocity must be enormous, 
but not greater than that to which the comets have been subjected, in 
their origin ; — and I am incKned to attribute this origin to the maculae 
of either our own sun or some other, Uie matter of the emanation con- 
densing sufficiently by the radiation of its own heat to become visible 
by reflection of the solar light when the comet is seen. 

The corona in total eclipses of the sun, I suppose to be the same 
emanations of elastic matter through the intervals of the loculi. The 
diameter of the corona is too great for an atmosphere, and its effects on 
certain comets as that in 1843, should have been greater if of an atmos- 
pheric nature. 

The sun I take to be the source not only <^ meteors which may be 
the emanations I have supposed, after contact with the atmosphere, 
but also of aerolites and showers of cinders. The sun has an enor- 
mous activity for the production of these bodies, whilst the moon, to 
which they have been attributed, however great may have evidently 
been its activity, shows on the surface towards us at least that this is 
now extinct and dead. 

Finally, it has occurred to me that this emanation of transparent 
matter fr^xn our own and other suns, might be the substance of the 
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ether ejected with sufficient velocity to reach other systems as do the 
comets, and filling the intermediate spaces between system and system^ 
afibrding a medium capable of transmitting the vibrations produced by 
the rapid action of the pholosphere and thus, the sensation of light 

In confirmation of these views, in addition to the observations alluded 
to above, I may mention the following : — 

1. Professor Olmstead in a treatise on the aurora, published by the 
Smithsonian Institution in 1856, makes its secular period about sixty- 
five years, nearly a multiple of that of the solar spots 11.111 years. A 
careful examination of his history of the aurora shows a period cor- 
responding with that of the spots. He also notices the connection 
between the aurora and meteors. 

2. The period of an unexplained inequality in the solar perigee 
noticed by Mr. Leverrier, Comptes Rendus, Tome xxxvi. p. 351, is 
66} years, an exact multiple of the period of the solar spots. 

3. A diminution of the mean motion of the planet Mercury, on 
comparison of the observations of the last forty years with one another, 
and with ancient observations (noticed by M. Leverrier in the '^ annals 
of the Observatory of Paris," Vol. 1, p. 38), without any correspond- 
ing diminution in the mean distance, may be explained by a combina- 
tion of a resisting medium with an outward movement of the same. 

4. The daily published records of temperature throughout Europe 
and Algiers, and those of America from Nova Scotia to San Francisco, 
show that the maxima of temperature follow upon the axis of the open- 
ing of a solar spot being directed towards the earth, and that this is 
universal and simultaneous, or nearly so over the whole earth. 

The account given by Mr. Dawes, in the Ast. Nach. of a remarkable 
spot seen by him in October, 1859, shows that the force producing the 
opening in the pholosphere is from within outward, since he saw the 
facula raised above the edge of the disc, like an elevated mountain 
ridge on the moon. The opening of this spot was very oblique. The 
spots seem most frequently to have the axis of the opening directed 
towards the earth, when on the east of the centre of the sun. 

In No. 1207 of the Astronomesche Nachrichten, Secchi notices extra- 
ordinary heat in July and August, 1859, without a proper state of the 
wind to produce it He says : Si cette temperature eleve^ est generale 
il faudra en chercher la cause allieurs que dans les vents et dans Fat- 
mosphere terrestre peut^tre le soleil lui-mene et plus puissant cette 
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anne ici." The same remarkable temperature was exhibited on this 
side the Atlantic both north and south of the equator at the same time. 
Alluding again to this same period in another paper, in connection 
with a day aurora, Secchi says, during these extraordinary heats, a 
very large solar spot was visible without instruments. And jet Seochi 
himself, shows by experiments with the Melloni apparatus, Aai the 
spots are not so hot as the luminous portions of the sun. Secchi's 
experiments also prove the equatorial portions of the sun to be hotter 
than any other. Does not this disprove HerscheFs theory of ike for- 
mation of the spots rather than confirm it ? If the heat in the equatorial 
regions be prevented from radiating there by the greater thickness of 
the atmosphere, ought not this portion of the sun to show a lowev tem- 
perature by the Melloni apparatus ? 



3. On the Eclipse op the Sun op the 18th July, 1860, from Ob- 
servations taken at St. Martin, Isle Jesus, Canada East,— 
Lat 45° 32' North ; Longitude 73<* 36' West, 118 feet above 
the level of the Sea. By Prof. Charles Smallwood, St Mar- 
tin, Isle Jesus, Canada East 

As seen by the ge<^raphical coordinates of the place, the obscuration 
was only partial, and south of the line of the total eclipse — the first 
constant occurred at 7 hours 10 minutes in the morning (St Mar- 
tin's mean time), at a little west of the sun's northern limb {direct 
view), the sky at 6 a. m. was somewhat clouded by ^ cumtdus " clouds, 
which cleared away and lefl the first contact visible, a few '^ cumuli " 
passed over the sun at 7 hours 30 minutes, and a few " strati " were 
seen in the north-east near the horizon — the line of contact was sharp 
and well defined, the inferior cusp at one time seemed somewhat 
*^ straightened," or^ as it were elongated backwards, but sharp. The 
sun's disc presented several spots, one of a large size, which had been 
visible for some days, — the moon's shadow passed directly over this, 
and a smaller spot ; there was no apparent " Uuntness " at the cusp, nor 
were the edges ^^ jagged " or " serrated " at any time ; the surface of the 
moon appeared very dark in contrast with the bright and silvery disc 
of the sun ; a '^ haziness " was observed on the outer edge of the sun ; 
the last contact, which was very distinct, was south of the sun's eastern 
limb. 
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The usoal 6 o'clock morning obserration is thus recorded : — Barome- 
ter 29.826 inches, temperature of the air 62^ 3', minimum temperature 
during the night 58^ 6', lowest point of terrestrial radiation 47° 8', wind 
S. S. W.y calm, cirr. cum. clouds ^, ozoneometer indicated ^, Yolta's 
electrometer marked 1^ : negative intensity of the sun's rajs 63° 4^ 
Sun somewhat clouded. Aurora Borealis visible during the night 

Table showino thb Htoromatsical State of the Atmosphere. 



St. Martln>f 
meantime. 


Oflseoni 

preanireof 

Um Atmo0* 

phere. 


Dew point. 


ElMtio force 
ofTapor. 


Weight of 

▼mporina 

cubic Ibot of 

•ir. 


Degree of 

humidity in 

reduction. 


Bcmukf. 


u. m. 


InchM. 


Decreet. 
650.2 


Inehei. 


Oraina. 


1,000. 


7.00 


29.409 


0.445 


4.99 


0.798 


Cloudj. 


7.10 


.416 


650.8 


0.425 


4.72 


0.711 


Ist contact. 


7.15 


.416 


550.8 


0.425 


4.72 


0.687 




7.30 


.436 


520.2 


0.402 


4.47 


0.651 


Camnli. 


7.40 


.428 


530.8 


0.425 


4.72 


0.687 ^ 


Light cirri. 


8.00 


.447 


540.1 


0.430 


4.67 


0.652 




8.10 


.405 


560.4 


0.464 


5.14 


0.726 




8.13 


.384 


570.2 


0.476 


5.51 


0.798 


Greatest obscu- 


8.30 


.362 


560.4 


0.464 


5.14 


0.726 


ration. 


8.45 


.340 


580.2 


0.494 


5.39 


0.731 




9.00 


.398 


560.2 


0.461 


5.09 


0.657 




9.15 


.353 


58O.0 


0.489 


5.38 


0.672 




9.20 


.344 


580.9 


0.501 


5.46 


0.620 


Last contact. 



This table shows the increase of vapor and amount of bomiditj daring the 
edipse, its gradual increase op to the moment of greatest obscuration is well shown. 



Table showivo the Atmospheric Pressure, Temperature, akd Badiatiom. 



Si. Martin's 
metn time. 


Barometer 

oorrectedand 

reduced to 82 

F. 


Temperature 
of the air ¥. 


Intensity of 

the ran*! 

raye. 


Intensity of 
teircetrial ra- 
diation. 




h.m. 


Indiee. 


D^reee. 


Degrees. 


D^prees. 


7.00 


29.854 


620.7 


8I03 


540.0 


Zenith dear. 


.10 


.841 


640.7 


90O.3 




Ist contact. 


.15 


.841 


650.0 


870.8 






.30 


.838 


650.3 


870.1 


520.7 


Cumuli. 


.40 


.853 


65O.0 


86O.O 


520.5 


Light cirri. 


8.00 


.877 


66O.O 


840.2 






.10 


.869 


660.O 


780.4 






.13 


.860 


630.9 


770.4 


570.0 


Greatest obscuration. 


.30 


.826 


660.2 


78O.0 


570.0 




.45 


.854 


670.0 


820.4 


6OO.O 




9.00 


.859 


690.0 


86O.4 


620.5 




.15 


.842 


70O.3 


960.2 






.20 


.845 


710.1 


950.2 




Last contact. 



This table shows the decrease of temperature of the air, and also the decrease in 
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the intensity of the solar rays ; the lowest reading of the barometer occurred sev- 
enteen minutes after the greatest obscnration, the lowest temperatore, as might be 
expected, occurred at the moment of greatest obscuration. 

Polartmeter. Nothing unusual could be detected either in the inten- 
sity of the sky polarization or in the normal angle, compared with ob- 
servations made some days previous. The zenith was quite free from 
clouds during the whole period of the eclipse. 

Solar Spectrum, The solar spectrum was carefully observed during 
the whole time, but nothing was seen either in extent or definition 
from its usual appearance. An apparatus erected for the purpose of 
examining Fraunhofer's black lines in the solar spectrum was used 
both with direct and reflected light, and indicated nothing but a slight 
faintness or nebulous appearance in the red end of the solar spectrum ; 
the lines were distinct, and were well shown in the other colored rays. 
An upright staff showed no ^'Jlickertng " or " wavering " of its shadow. 

Photometric Scale, Sensitive paper prepared and exposed succes- 
sively for a given period of time showed very positive and interesting 
results, the shades varying considerably during the increase and de- 
crease of the partial covering of the solar disc Chromotype paper 
also furnished similar results from given periods of exposure. Our 
clever photographic artist, Mr. Notman of Montreal, found similar re- 
sults in the use of his chemicals. I am indebted to him for nine photo- 
graphs obtained by him during the eclipse : 

The ozoneometer exhibited no sensible difference. 

Atmospheric Electricity, The electrometers at 10 p. m. on the 17th 
day, indicated only 1^ of a negative character, and at 7 a. m. of the 
18th day remained the same both in degree and kind ; there was a 
slight increase in intensity from 8 till 8.48 a. m. of 1^^, but possessing 
the same negative or resinous character. 

The only effects on the animal creation which were observed was 
the frequent crowing of cocks ; and on the vegetable kingdom the flow- 
ers of the ^^ morning glories,^ Convolwhis seemed somewhat drooping. 

The photographic artist (Mr. Notman), to whom I have referred, 
obtained some beautiful ambrotypes of the eclipse, nine in number, 
by direct view, and is a fine specimen of instantaneous photography. 



▲8TR0N0XT. 



4. Abstract of the Principal Results of the Astronomical 
Observations at Van Rensselaer Harbor and other 
Places near the North-west Coast of Greenland, 
hade bt the Second Grinnell Expedition, under com- 
mand OF Dr. E. K. Kane, U. S. N., during 1853, 1854, 1855 
(from a reduction and discussion by Charles A. Schott), Assist- 
ant Coast Survey.* Presented by Prof. A. D. Bache. 

Of the astronomical observations made by Dr. Kane's party, those 
for the longitude of Van Rensselaer Harbor, the winter-quarters of the 
expedition, were most numerous and carefully attended to. The geo- 
graphical location of the shore line, traced by the expedition, depends 
for its longitude on that of Van Rensselaer harbor as the central merid- 
ian. The latitude of Van Rensselaer harbor was likewise carefully 
determined, as far as the instrumental means of the expedition per- 
mitted. The astronomical and geodetic material collected by the 
various travelling parties, and required for the geographical position of 
their tracks, is given in Appendix No. 6 to the second volume of the 
Narrative. Part of this material was collated with the manuscript, 
and the revised results will be given in this paper after the result of 
the discussion of the latitude and longitude of the winter-quarters. 
The record of the observations discussed is taken from the original log- 
book or other manuscript documents, belonging to the expedition. The 
astronomical observations were under the special care of Mr. Augustus 
Sontag. The principal instruments for the determination of the geo- 
graphical positions were sextants, a Gkunbey theodolite, a transit in- 
strument, and five mean time chronometers. 

Fern Rock observatory was established on the northernmost of the 
rocky group of islets in Van Rensselaer Harbor, of which a general 
survey was made on August 25, 1853. The observatory consisted of 
four waUs of granite blocks, cemented together with moss and water, 
and the aid of frost These walls were covered with a substantial 
wooden roof, with openings in the direction of the meridian and prime 



*For the complete paper, see SmithsoniMi Contribations to Knowledge, 

Vol. xn 
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vertical. The transit and theodolite were mounted on piers, formed by 
a conglomerate of gravel and ice, well rammed down, in iron-hooped 
pemmican casks and cemented by freezing water. These piers were 
found as firm as the rock on which they rested. 

Observations for latitude of Van Rensselaer Harbor. The first 
observation for latitude was made on Sept. 12, 1853, with the theodo- 
lite. Later observations were obtained by means of a sextant and arti- 
ficial horizon. The Gambey theodolite, kindly lent by the superintend- 
ent of the Coast Survey, Prof. A. D. Bache, was furnished with repeat- 
ing circles ; the diameter of the horizontal circle was six inches, with 
the limb divided from five to five seconds, and provided with two ver- 
niers ; the vertical circle has four verniers, and is of the same size and 
graduation as the horizontal circle. The value of one division of the 
level was found to be l'^13. This instrument was much injured by a 
fall in the water and rendered unfit for use by a second accident, two 
months later, in November, 1853, when it fell from the pier at the 
observatory. The following tabular statement contains the dates, nature 
of observations, and instruments used : -— 



Yak Rbnssblajer Habbor. 

Sept. 12, 1S53. Obsenratioiis of the sun's zenith distance for time, one set ; Qambej 

theodolite. 
u ti tt Obseirations of the drcnmmeridian altitudes of the son for ladtode, 
two sets ; Gambey theodolite. 
Feb. 20, 1854. Observations of doable altitudes of Saturn for time, two sets ; Gam- 
bey sextant. 
May 14, 1854. Observations of drcnmmeridian altitudes of the sun for latitude, two 

sets; Gambey sextant. 

" 15, " Observations of drcummeridian altitudes of the sun for latitude, two 

sets; Gambey sextant. 

" 16, '' Observations of drcummeridian altitudes of the sun for latitude, two 
sets ; Gambey sextant. 

'' 16, '' Observations of equal altitudes of the sun for time, two sets; Gam- 
bey sextant. 

" 17, " Observations of equal altitudes of the sun for time, two sets ; Gam- 
bey sextant. 

" 17, " Observations of drcummeridian altitudes of the sun, for latitude, two 
sets; Gambey sextant 

'< 19, '' Observations of equal altitudes of the sun for time, one set; Gam- 
bey sextant 



May 14, 1854 


78° 37' 11 'M 


" 15, *' 


36 58 


u 16^ u 


37 06 


" 17, " 


37 18 


" 20, " 


36 55 
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The pocket chronometer was set to indicate Greenwich mean time 
within a few minutes ; we have, for instance, from the above observa- 
tions: — 

b. n. 1. 
Maj 16. Pocket chronometer fast of Fern rock mean time 4 39 24.9 

" 17. " " " " " " 4 39 24.4 

" 19. " " " " " " 4 39 21.8 

" 20. Obserrations of circommeridian altitudes of the son for latitude, Gam- 

bej sextant. 

RSCAPITUIATION OF BbSULTS 70R LATITUDE OF YaK BbNBSBLAEB HaBBOR. 

Sept 12, 1853. For the observatory 78° 37' 44^ which result has 
been used for the reduction of the transit observations at the obser- 
vatory. The following results for latitude refer to the position of the 
brig Advance some distance to the southward of the observatory : — 



mean780 37'4"±3''. 



which result was used for the reduction of the occultation and eclipse 
observations ; it gives also the latitude of the meteorological observ- 
atory on the floe. 

The observations for longitude of Van Rensselaer harbor consist of 
transit observations for time and of the moon and moon-culminating 
stars ; also of occultations and an eclipse observation. 

The transit observations commence November 18, 1853, and end 
January 10, 1854. Time was noted by the pocket chronometer. The 
transit instrument was supplied with five wires and are recorded from 
I. to y. in the order in which the star (or moon) passes them at the 
upper culmination, the circle being east of the telescope. The letter R, 
attached to the name of the object observed, indicates that its transit 
was observed reflected from a mercurial horizon: this method of 
observing became necessary for the measure of the inclination of the 
axis in consequence of the intense cold affecting the length of the bub- 
ble to such a degree that the level became useless. At temperatures 
below — 40° no use could be made of the instrument It was properly 
adjusted — an operation of some difiiculty in so high a latitude and at 
80 low a temperature. For the azimuthal adjustment there remained 
but an arc of 11^^ between the pole and the zenith. The instruments, 
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when composed of two metals, become difficult to manage in conseqaence 
of unequal contraction. A peculiarity in the construction of the instru- 
ment requires to be noticed ; it does not permit direct observation of a 
star elevated more than about 50^ above the horizon, hence all obser- 
vations upon the pole-star and others near the zenith had to be observed 
reflected. Transit observations were made on the following dates : — 



Nov. 


18, 


1853 


Moon and 8 Stan. 


« 


21, 


« 


It 


" 10 


ft 


<( 


23. 


it 


It 


" 11 


tt 


Dec. 


8, 


u 


tt 


" 4 


It 


it 


9. 


It 


tt 


« 2 


tt 


tt 


12, 


ft 


It 


** 4 


tt 


tt 


13, 


tt 


tt 


" 9 


If 


it 


14. 


tt 


tt 


" 6 


tt 


€t 


15, 


tt 


ft 


" 12 


It 


Jan. 


8, 


1854 


Moon, Satnm and 7 


ft 


it 


9, 


tt 


Moon 


" 5 


tt 


t€ 


10, 


tt 


« 


" 4 


tt 



For the reduction I have adopted lat 78° 37^, long. 4h. 43m. 28s. 
W. of Greenwich. The reduction was made by application of the 
method of least squares ; there being no level readings, the amount 
of inclination of the transit axis had to be Tound from the transit obser- 
vations themselves ; Uie number of unknown quantities in the normal 
equations was reduced to three, since the collimation error could be 
deduced independently. The instrument was a^usted for collimation 
on November 18 and on December 13. Polaris was observed, reflected, 
circle east and west ; the result was, however, satisfactorily checked 
from those sets of observation including stars above and below the 
pole. A preliminary reduction was made in order to ascertain an 
approximate value for rate of the chronometer ; the observations were 
corrected for rate. For the reduction of the incomplete transits and 
for deducing the collimation error, the equatorial intervals of the wires 
have been deduced from transits of eighteen stars, as follows : — 

For Cibclb East and Upper Culhii7ation. 



I. —39.71 

n. —19.82 

III. — 0.22 

IV. +19.84 
V. -1-89.91 



The probable error of each 
interval is on the average 
+0.078. 
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The immediate purpose of the reduction is to obtain values for in** 
strumental deviations, the necessary corrections have been applied to 
the observed transits of the moon and moon culminating stars ; it is, 
however, only the difference of these corrections which affects the re- 
sulting longitude from the moon culminations. For the first three ob- 
servations of Nov. 18, 1853, we have no means of ascertaining the 
level and azimuthal deviation, the corresponding factors, however, for 
the moon and stars are nearly equaL 

RsCAPITlTLATIOir OF THC DBDUCSD SiDERSAL TlME» OV THE MoOm'S LiMB. 

h. m. 1. 

17 57 43.2 
20 40 00.7 
10 49 25.0 

23 31.5 

1 09 53.8? 
3 29 35.6 

The longitude is deduced from the above values by a method re- 
ceived from Prof. Peirce in 1851, an account of which is given in Coast 
Survey Report for 1858, Appendix No. 21. From the Greenwich 
observations corrections were deduced to the tabular places of the 
moon's right ascension. 



1853. 


Nov. 18 


<( II. 8. p. 


(( 


" 21 


<( II. 8. p. 


u 


" 23 


<(II. 


it 


Dec. 8 


CI. 


tt 


" 9 


<II. 


tt 


" 12 


ci. 









b. m. i. 


1853. 


Dec. 13 


a I. 


4 19 11.1 


« 


" 14 


C I. 


1 50 53.8 


ft 


" 14 


<(II. 


5 13 06.4 


tt 


" 15 


cu. 


6 06 38.4 


1854. 


JaD. 8 


a I. 


3 13 14.5 



Bbcapitulation or Rbsults fob Loitoitudb fbom Moon Culminations. 



1853. Nov. 18 



It 


It 


21 


tt 


tt 


23 


tt 


Dec, 


8 


tt 


tt 


12 


It 


tt 


13 


it 


tt 


14 


tt 


tt 


14 


tt 


tt 


15 


1854. 


Jan. 


8 



^ II. 8. p. 
a II. 8.»p. 
ClI. 
C I. 

C I. 
C I. 

a I. 

<(II. 
a I. 



h. 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



m. 9. 

45 08 
43 32 
43 53 
47 571 
45 39 
43 39 
43 38 
43 14 
43 58 
41 50 



The valne of Dec. 8 mast 
be rejected on the groond of 
imperfect transits. The re- 
salt of Dec. 9 is anreliable 
and has been rejected. 



The weighted mean from nine observations is 4h. 43m. 34s.it ISs. 
If we combine the results according to the moon's limb we find : 



from ( I. 
all. 



h> ID. ■• 
4 43 14 
4 43 50 



weight 8.5. 
10.5. 



adopted yalae 4 43 32 
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BSOOBD AKD BbBULTB OF THB OCGTTLTATIONS AND AK ECLIPSB OBSERYXD AT 

Van Renssblasb Habbor. 

In the record the times are given by chronometer uncorrected for 
error and rate, in the two accounts published in Appendix No. IX. of 
the Narrative, and No. 1017 of the Astronomische Nachrichten, the time 
is mean local time, as made out bj Mr. Sontag. Observations were 
made on the following dates : — 



Occaltation of Saturn Bing, 

" of Saturn Ring, 

** of Satarn Ring and centre, 

" of Mars, 
Eclipse of the Sun, .... 



Dec. 12, 1853. 
Jan. 8, 1854. 
Feb. 4, 5," 
Feb. 13, « 
Maj 15, 1855. 



The method of reduction used is that of finding the time of true con- 
junction in right ascension (for which see Sawitsch*s treatise on Prac- 
tical Astronomy, German edition by Dr. Groetze). The tabular nau- 
tical almanac places and data have been corrected, when practicable, 
from the Greenwich observations. The contacts of the ring of Saturn 
were referred to the centre by application of a radial correction deduced 
from diagrams of Saturn and ring, and the relative positions of the 
moon. Conditional equations were formed in each case, and the fol- 
lowing results were reached : — 



Dec. 12, 1858, 


Occult, of Saturn, 


b. m. 8. 
4 43 51.8 


Jan. 8, 1854, 
Feb. 4, 5, " 


« it 
it it 


4 43 31.0 
4 43 27.6 


Feb. 13, " 
May 15, 1855, 
Mean, 
Resulting longitude 


" Mars, 
Eclipse of the Sun, 

from 9 moon-culm's. 


4 43 01 .S 

4 43 41.9 

4 43 30.7 + 68. 

4 43 82.0 ±13 



Final longitude of winter quarters, 4 43 31+ 7 W. of Qreenwidi. 

= 70© 62^ 45" + \y 

If we compare any of the separate results for longitude with the final 
Talue,^ and in considering the probable errors, it should be remembered 
that one degree of longitude in parallel 78^ ZT is but 11.88 nautical 
miles, thus the above uncertainty of 7s. in the final result for longitude, 
is but half a nule of linear measure. 

The following table contains the result of the reduction of the re- 
maining astronomical observations, and of some adopted longitudes : — 
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Lat 


Long. W. of OrMnwkh. 






Fiskenuies, 


63© 02^.8 


50O 32^.5 


3h. 22ni 


lOt. 


(approx.) 


Proven, 


72 23.0 


55 37 .5 


3 42 


30 


f( 


Upernayik, 


72 46 .2 


56 02.8 


3 44 


11 


by Inglefield. 


Befage harbor. 


78 32.7 


73 50 


4 55 


20 




Cape In^lnfteld 


78 34.1 


72 55 


4 51 


40 




ManhallBay 


78 51 .1 


68 54.0 


4 35 


36 
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The following positions were determined from observations by tray- 
elling parties : — 



Cape John Frazer, 
Cape Prescott, 
Cape William "Wood, 
Cache Island, 
Cape Andrew Jackson, 
Cape Jefferson, . 
Cape Madison,. . 
Littleton Island, . 
Cape Alexander, . 



Lat. Long. W. of Greenirieh. 

72® 42^.9 71° 30^ 

79 35.2 72 56 

78 59 ' 68 20 

79 12.5 65 30 

80 01.6 66 52 
80 41 .2 67 52 
80 20.2 66 52 
78 22.0 74 10 
78 09.3 74 20 



The following )*esults are taken from a report of Mr. Sontag's to 
Dr. Kane, dated Sept 12, 1855 (at Godhavn) : — 



Htsclarence Rock, 
Dalrymple Rock, 
Parker Snow point. 
Cape York, . 
Qodhavn, 



Lat. 
760 .W.O 
76 30.5 
76 04.2 
75 56 .0 
69 14 .6 



Long. W. of Greenwidi. 



70© 23' 


68 


44 


66 


48 



The complete paper, as printed bj the Smithsonian Institution, is 
accompanied by a newly-projected map. Comparing the same with the 
original chart in Dr. Kane's Narrative, it will be perceived that the 
cmlj change of importance made is the shifting of the shores of Ken- 
nedy Channel to the southward to an amount of about nineteen nautical 
miles ; it is well known that Dr. Kane had adopted the mean positions 
resulting from astronomical observations and dead reckoning, whereas 
in the new map accompanying the astronomical paper, the astronomical 
results alone have been used. This change was made with the concur- 
rence of Prof. Bache, who, in May, 1858, communicated to the Royal 
Ge<^raphical Society in England, that such a step seemed desirable 
and proper. The highest point of the shore line, traced by Morton, on 
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the east side of the channel, is now placed in latitude 80^ 56', and, on 
the opposite side, the highest point distinctly seen hj him, is located in 
latitude 82^ 07^ Mr. Sontag also expressed himself favorahle to this 
change made in the latitudes of the highest land seen. 

Some observations were made hy Dr. Kane on the twilight at Van 
Bensselaer harbor, in latitude 78^^, the limits of legibility, for ordinary 
large type, were with a depression of the sun below the horizon of 7** 
26' and 8^ 1 1'. It is generally assumed that in temperate latitudes, 
complete darkness sets in when the sun's depression reaches 18^ ; on 
the 2d of March, the first appearance of twilight was noticed at a de- 
pression of 15° (/ (temperature — 37°), in lat. 78 J° ; thus it appears 
that in this high latitude twilight is more feeble with the same depres- 
sion of the sun than in lower latitudes. This circumstance is, doubt- 
less, owing to the diminished height of the atmosphere (by contraction, 
on account of the cold, and by compression), in the high latitudes. 



5. On A New Theory op Light, proposed by John Sbcith, 
M. A. By Prof. Ogden N. Rood, of Troy, N. Y. 

Several months ago, when attempting, by means of a revolving 
disk, to measure the time occupied by the explosion of small charges of 
gunpowder, the following obserTation was made : The fiame of a bum- 
ing-fiuid lamp was viewed through a rotating disk provided with four 
radial slits, and it was found that a certain rapidity of rotation caused 
the lower part of the fiame to assume a green hue, while by a dimin- 
ished rate the whole fiame was colored deep purplish red ; a lower rate 
gave a violet tint, alternating with pure white. 

It was evident that these appearances depended much on the state of 
the eye, for they often could be perceived only after it had become a 
little fatigued by the blinding effect consequent on Jhe comparatively 
slow succession of the impressions of light ; in addition to this, I found 
that a friend who was present, though recognizing the green tint, 
was unable to perceive the red hue, with which my eyes at that very 
moment were dazzled. 

I considered these appearances, therefore, as suhfective, and laid the 
matter aside for future experiment. As, however, similar phenomena 
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hare be«n observed in England, and have been thought to have not 
only an objective existeace, bat to be worthy materials on which to 
build a new theory of tight, it maj not be amiss to enter into a eiight 
ezaminatioD of their nature. 

In Mr. Smith's experiments, of which I have been able to obtain only 
the account given in the March number of the American Journal of 
Science and Arts, bright white light is allowed to act on the eje during 
a certain fraction of a second ; it is succeeded hj sbadow or darkness, 
which lasts also during a certain abort interval of time, when the oper- 
ation is repeated anew, dec. 

This pulsation of light and shade the author effects in a variety of 
ways; the result is color — a yellowish green, purple, pink, tc 
Fechner, to whom we are indebted for extensive researches on sight, 
several years ago observed that white disks having black spiral fig- 
nres painted on them, when set in rotation ex- ^- 

hibited colors which he considered subjective.* 

That these colors are really subjective, the 
following simple esperiment may serve to show : 
A blackened disk nine inches in diameter, was 
cut with four slits of the shape seen in the wood- 
cut; the width of the slits at the circumference 
was ^ of an inch ; the disk was made to rotate 

before a bright cloud. A rate of ten revolutions per second caused the 
cloud in a short time to appear of a deep red oolor, having in it a tinge 
of purple, or, according to Mr. Smith, the disk transmitted pink light ; 
it was now viewed through a plate of orange-tinted glass. Previous 
experiment with a small telescope provided with a micrometer, and a 
flint glass prism, had shown that this orange -colored glass readily trans- 
mitted the red, orange, yellow, and a portion of the green, but that it 
was opaque to the blue and violet rays ; it was therefore fairly to be 
expected that if the disk was really transmitting red light, the plate of 
glass would do the same. The result was different ; through the glass 
the disk appeared of a bright greenish-blue color. This experiment Is 
very easy to make, and the effect is brilliant. 

Plates of glass of other tints were now employed; the results are 
given below. 

* Fogg. Ado. Vol. XLV. p. 337. 
2« 
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Medium, 

Yellow glass. 
Green " 
Red " 



ITnto of the Di$k. 

Violet, 

Green, neutral, or faint red. 

Red, neutral, or faint green. 



As the green glass was nearly opaque to red rays, the effect of its 
use ought to have been darkness. It is evident by an inspection of 
this table that the disk really transmitted white, and not red light, 
which becoming colored by its passage through the plates of glass, in- 
duced in the retina, from time to time, the sensation of the complement- 
ary tint, more or less mingled with the original impression. 

Having now shown that, contrary to Mr. Smith's supposition, the 
Dght transmitted by the revolving disk is really white, let us notice 
some of its effects on the eye. 

For this purpose I caused perforated disks to revolve at uniform 
rates by means of clock-work ; the arrangement being similar to that 
employed by Plateau. A blackened disk five inches in diameter and 
perforated with four slits 7° 12' in the width was set in rotation, and 
the bright sky viewed through it ; the eye of the observer being imme- 
diately behind the disk. With a rate of 11^ revolutions per second, 

the appearance of the window was as in fig. 2 ; a central 
spot was colored bluish green, the rest of the field was 
purple, or reddish purple, according to the state of the 
eye. The green spot remained always in the axis of 



2. 



© 
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8. 



vision, and moved with each change of it^ With the 
exception of fluctuations in the outline of the spot, this 
appearance remained tolerably constant, as long as the 
rate of revolution contintied the same. The spot or 

shadow was fringed with a narrow, faint blue border, indicated by the 

dotted line. 

Upon increasing the rate of revolution, the bluish 
green spot expanded into an irregularly shaped ring, 
and continued to expand, filling the field, till the rate 
had become as high as 15 rotations per second, when 
often the field for an instant became of a greenish tint 
which was succeeded by a bluish tint ; upon increasing 
the speed this also vanished. Stiil higher rates cease to 
produce any of these peculiar effects on the eye. 
Upon slowly reducing the i*ate to 9 revolutions per second, the green 

spot contracted in dimensions, and assumed a yellow tint, while the 




PHTSICS. 19 

field oflen became at the same time tinted deep crimson. With a rate 
still lower, the appearance of the field is variable and the tints flicker- 
ing; it assumes sometimes a purple, a yellow, or a yellowish-green 
tint. 

This experiment I repeated a great number of times, with the same 
general result, and though it sometimes happened that the eye became 
insensible to these colors, from repetition, momentary rest in darkness 
restored this power for a short time. Thus it occurred that the tints 
were sometimes seen with great distinctness, while at others they could 
hardly be distinguished. 

Upon a dark cloudy day to produce these effects it was found neces- 
sary to increase the width of the slits to 20*^ ; from whence it was man- 
ifest that lack of intensity in the light might be made up by its longer 
duration. 

It would appear then, from these experiments, that light from a 
bright cloud, if allowed to act on the eye repeatedly during from ?J(y to 
Y^jf of a second, develops subjective colors ; that, however, the devel- 
opment of the subjective tint is dependent not so much on the length of 
time which the eye is exposed, as upon the interval of rest or shade 
which follows each exposure, may be shown in the following manner : 
In the experiment where with 11^ revolutions a reddish purple was 
produced, the exposure lasted ^^^ of a second ; the interval of rest or 
shade was ^ of a second ; now a disk was cut similar to fig. 1, but hav- 
ing eight slits, each 7^ 12' in width, when it was found that 5.5 instead 
of 11.5 revolutions per second produced the purplish red tint ; here the 
exposure was twice as long, but the interval of rest or shade nearly the 
same. With sixteen slits, 2^ revolutions produced the same tint, the 
exposure being of course four times as long, but the interval of rest 
nearly the same. Determinations of the length of this interval are 
given below : — 

Length of the intervaU of shade required for the production of 

Blae, ^ sec. 

Purplish red, tV " 

To ascertain exactly what portions of these intervals elapse before 
these tints make their appearance, or how long the tints are actually 
seen by the eye, is another matter, and would no doubt require an elab- 
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orate series of experiments, though it would seem probable that at least 
half of the time of the above given intervals parses before the eubjeo 
tive color makes its appearanco. 

Tlie table does not apply to the axial portion of the retina, which u 
almost always diflerenlly affected. That the change in susceptibility in 
the retina is progressive outwards, is shown by the gradual expan^ioa 
of the green ring ; that it varies from second to second, k seen in the 
fluctuations of [he outline of this ring. 

The occurrence and seiuence of these subjective colors may easily bs 
explained by supposing that during the interval of rest or shadow the 
action of the yellow rays diminishes more rapidly than that of the red, 
the red more rapidly again than that of the blue. If this takes i)lace 
as indicated by the curves below, it is easy to understand the production 
pf the lints, for if the moment 
afler the blue has been devel- 
oped while tight be again pre- 
sented to the eye, it is evident 
that neither purple nor red will 
be seen, sufficient time not hav- 
ing been allowed for tbeir pro- 
2 duction. 

The same reasoning applies 
to the axial portion of the retina, which, owing to its greater sensibility 
to such impressions of light, requires a somewhat longer interval of reat 
before the reaction occurs. 

If the impression be loo strong, that is, if the light be too bright or 
the eye loo long exposed lo it, these peculiar effects are not observed, 
and during such short interrals of rest as j^ or B>a of a second the 
6- white clouds seen through the disks suffer no 

change in lint ; but if a blackened disk twelve 
inches in diameter be cut as seen in the ligure, 
k wiih an aperture of 30°, and made to rotate be- 
I fore a white cloud at a rate of only one revolu- 
' lion per second, the eye placed as near it as pos- 
sible, will most distinctly see, in the interval of 
darkness, an imago of the sky, of a bluish gre^i 
tint. Whence it follows that an exposure of the eye lo white light 
lasting ^ of a second, induces in it for a considen^ly longer time tb« 
■ensalion of this color. 
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In general these experiments seem to point out that aifter moment* 
ary exposure to white light subjective colors are induced in the eye, 
whose tint and duration are dependent on the strength of the impression 
received as well as upon the length of time allowed for rest ; these sen- 
sations of color apparently having a relation to the colors observed 
after looking at the sun, similar to that which a temporary disorder 
bears to a chronic affection. 



6. Registering Thermometer. By James Lewis, of Mohawk, 

New York. 

The experiments preliminary to the construction of the apparatus 
now about to be described, were made during the fall and winter of 
1859, and completed by the construction of a registering thermometer, 
which gave satisfactory assurances of utility as early as the middle of 
March, 1860. A slight defect in parts of the apparatus, however, ren* 
dered it necessary subsequently to make alterations, in order to secure 
uniformity of action and fVeedom from errors. The record of the ap- 
paratus may be said to commence on the 6th day of May, 1860, and 
has been continued since, to the time of writing this description. 

While yet the apparatus was incomplete, and gave promise of utility, 
brief notices of it were presented by Mr. Lea, of Philadelphia, to the 
Academy of Natural Science and the American Philosophical Society, 
and a notice was also sent to the Boston Society of Natural History. 

More recently it has been thought expedient to prepare a full de- 
scription of the apparatus, with details of its operation. (These are 
herewith presented.) 

The first appearance of the apparatus presents the following features : 
A simple wooden case about twenty inches high and 7x7 inches 
lateral dimensions, has a dial near the top of the front, with a balanced 
index pointing to a scale on the dial graduated after Fahrenheit from 
—30® to + 1 10®, a small portion of the circle remaining blank. On the 
lefl band side of the exterior of the case is seen a bundle of polished 
metallic rods, brass and iron, protected from accidental contact with 
external objects by other rods around them, and as a precaution 
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against radiation, between the rods and the wood^i case a plate of pol- 
ished metal (tin) is interposed. 

Afler opening the front of the case, and removing the dial and index, 
also <he various protections around the rods on the outside of the case, 
the apparatus presents the following general appearance : — The sev- 
eral parts thus exhibited occupy nearly oi>e half of the depth of the 
case from front to rear, being separated from the posterior half of the 
case by a vertical partition, to which all the parts here represented 
are attached. The parts which are enclosed in the posterior apartment 
of the case are a series of dock movements and cylinders of paper 
which will be only partially explained, as they are within the scope of 
any ordinary mechanic, and refer simply to the mechanical accessories 
of the recording apparatus. 

The thermometer, which is the essential feature of this apparatus, 
consists of a bundle of iron and brass rods, arranged around a centre 
for the purpose of connecting them with each other at equal distances 
from, and as near to the centre as practicable, in order to obviate any 
elasticity in the connecting parts : also for the purpose of enabling each 
individual rod in the bundle to contribute its stifihess to the whole in a 
manner to secure the greatest rigidity and a constant parallelism of 
the rods. The arrangement of the rods is that which is illustrated by 
the compensated pendulum. The whole number of rods or wires in the 
bundle is eleven, six of these, in three pairs, are iron, and on these the 
force of compression is used. The force of extension is applied to four 
brass wires; two pairs are engaged alternately with the iron wires 
around the centre, and also a single brass wire in the centre, 
which single brass wire is the equivalent of a pair. Thus the 
first pair of iron rods is directly connected with the base of the 
thermometer, and the last (single) brass wire with the terminus* 
These wires are connected in the proper order by means of circular 
disks, corresponding to the cross-bars of the gridiron pendulum, there 
being three of these disks at the upper and three at the lower end of 
the instrument The upper extremities of all the rods are screwed to 
the disks to which they are united, passing fi*eely through the other 
disks with which they are not united ; the lower ends of the iron rods 
have a modification of the tenon and mortice in their connection with 
the disks to which they are united, and their union is made permanent 
by means of tinner*s solder. The lower ends of th3 brass rods are 



PHYSICS. 23 

secured to their respective disks by a nut holding against the lower 
tide of the disk. The oater portion of the circular bundle is composed 
of three pairs of iron rods and two pairs of brass rods. The centre of 
the bundle is occupied hj a single brass rod, which is secured at its 
lower extremity bj means of a thumb-screw, which, as will hereafter 
be seen, serves for purposes of at^ustment 

The base of this system of compensated rods is the disk at top, hav-* 
inga conical projection on its upper surface; this conical projection 
artieulales with a portion of the metallic base, to which the various 
levers within ihe case are attached. This articulation is a modification 
of the ball and socket joint. The part of the lai^ brass plate with 
which this articulation is made is turned at a right angle with the main 
body of the plate, in a horizontal direction, and serves, partially, also, 
to sustain the parts upon which the fulcrum of the large lever rests. 
By following the various connections of rods and disks from the base of 
the system of rods (the disk having the conical projection) our attention 
k drawn to connections of iron and brass, alternating, the last brass rod 
being the centre rod of the bundle, the upper extremity of which rod is 
screwed into a^inted appendage of the large lever. In the apparatus 
from which this description is made, the iron and brass rods are No. 13 
wire, and present in a vertical space of about fifteen inches the equiv- 
deot ci ^^ inches of iron wire antagonized by an equal length of 
brass wire. The difference in the rates of expansion of these two 
metals thus united, under the influence of plus and minus quantities of 
heat, are sought to be used in this apparatus for the measurement of 
variation of temperature. 

The bundle of rods as above described and illustrated are secured 
permanently in a pendent position, which was thought to be the best 
arrangement which could be ^ected, as thus a very slight assistance is 
derived from gravitation in securing their best action. 

To preserve the parallelism of the rods with the case enclosing the 
other portions of the apparatus, a bracket made of brass (or any suit^ 
able metal) is made to embrace loosely the first pair of iron rods of 
the bundle, and is then screwed to the side of the case. In the con- 
struction of such a bundle of rods, it is necessary to secure free vertical 
movements of all the parts not necessarily united with each other firmly, 
perfect parallelism, and a homogeneous character for each of the two 
metab used. It is also necessary that the rods be brightly polished 



24 A. MATHEMATICS AKD PHYSICS. 

and varnished to preserve their brightness, in order that the sncepti- 
bility of the rods to radiation may be reduced to the lowest possible 
amount. It is verj uncertain whether a polished metallic plate inter- 
posed between the rods and the case for the purpose of intercepting 
radiation between them is of any use or not But to preserve the rods 
from accidental blows, which might disarrange them, it is necessary 
they should be protected by some arrangement outside of them which 
will answer this purpose, while it permits a free circulation of air 
around the rods. 

The construction and use of the rods being now clearly set forth, 
their connection with a system of levers will be explained. By means 
of the central brass wire in the bundle, passing upward through the 
several disks and the conical projection of the upper disk (without con- 
tact with any of them), the movements of the compensated rods are 
communicated to a jointed appendage of the large lever. This ap- 
pendage is made with a joint in order to insure equal action of its two 
sides on the two ends of the steel knife edge which terminates the 
short arm of the lever. This lever multiplies the movements imparted 
to it eight times, and communicates them to another lever by means of 
a jointed appendage, rod and chain made of flat links tind rivets. 
This lever has its two extremities made in a circular form, in order to 
avoid some errors in conversion of rectilinear to circular motion. (The 
movements of the large lever not being so considerable as to differ 
sensibly from rectilinear motion, it is not necessary it should have this 
form.) The second lever multiplies the movements imparted to it five 
times, and communicates them to the smaller portion of a pulley by 
means of a flat-linked chain. The chains used for these connections 
should be made with special reference to avoiding friction, and with 
this view the several pieces of metal forming the links should have one 
end a little wider than the other, and should be arranged so that the 
wider end should be the last to come in contact with the convex sur- 
faces on which they are flexed. The rivets should not be so firmly 
headed but that each link will turn on its rivets by its own weight. 

The pulley multiplies the movements imparted to it eight times, and 
communicates them by means of a slender, varnished silk cord running 
in its channelled periphery, to a light metallic frame carrying a register- 
ing point This frame has two lateral arms. The arm on the left 
divides into two springs, the anterior one carrying the registering point, 
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the posterior one being perforated near its eztremitj in order to permit 
the point to pass through it ; the arm projecting on the right is simpljr 
a counterpoise, by means of which the frcwie is secured in a perpen- 
dieular positicMi. The design of this is, to avoid friction l>etween the 
frame and two slender parallel rods which serve to direct the move- 
ments of the frame and registering point, in one uniform perpendicular 
path. These parallel rods are made of very fine brass wire. Thej 
are in the same vertical plane, one immediately in front of the other. 
The ends of these wires have heads melted on them by means of a 
commoa blowpipe, which heads serve to secure them at their upper 
extremities to a stationary bracket which projects from the large metal- 
lic plate which forms the base and support of the levers, &c. The 
lower ends of these wires are held by two springs which serve to pre- 
serve a uniform tension, under varying temperatures, so that the wires 
shall remain paralleL The sise of the wires is No. 32 (wire measure). 
In reviewing the general arrangement of the several parts of the 
thermometer which have been noticed, a few other particulars are 
especially deserving of attention. The several knife edges of the levers 
should rest on agate. The axis of the pulley should rest on friction 
wheels, and should be so constructed that it could not come in contact 
with any thing but the friction wheels. The levers and pulley should 
be made as light as possible, and their forms should be such as would 
give the greatest strength with the least amount of material. No very 
great strain at any time comes on any <^ the parts, but elasticity and 
friction should be avoided at every point The greatest amount of 
strain is felt on the short arm of the large lever, and on the bundle of 
rods. This will be 320 times the weight of the frame that carries the 
registering point, diminished a little by the second lever, and increased 
somewhat by the long arm of the first lever. The pulley should (when 
divested of the chain and silk cord) be so evenly balanced as to remain 
perfectly at rest, in whatever position it may be placed, while resting 
on the friction wheels. The metallic plate (not shown in diagram) 
which supports the pair <^ friction wheels which sustains the anterior 
extremity of the shaft of the pulley, has a tube or hollow shaft project- 
ing from its front surface, through which the anterior extremity of the 
axis of the pulley projects for the purpose of accommodating the index 
spoken of at the commencement of this paper. This tubular projection 
serves as an axis for the support of the di<dy and permits the dial to be 
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turned to anj position to correspond to the index, when an adjustment 
is necessary. 

The index should be so perfectly balanced that when connected with 
the pulley divested of its chain and cord, the balance of the pulley maj 
not be impaired. 

The apparatus thus far described is simply the thermometer, suscep- 
tible of indicating temperature with exceeding delicacy. T6 record 
indications of temperature is the object of that portion of the apparatus 
not yet described. 

Immediately behind the path of the registering point is a cylinder 
nearly | of an inch in diameter, the axis of which is vertical, and parallel 
with the path through which the registering point moves. This cylinder 
presents in close proximity to, but not in contact with, the registering 
point, a fillet of paper 5-,^ inches wide, on which to receive impressions 
from the registering point. The cylinder has a metallic shaft through 
its centre, around which is firmly wrapped a roll of sofb paper which 
acts as a cushion, on which to receive the registering point without 
injury. The ends of the cylinder are protected by metallic heads 
which serve to keep the paper cushion from sliding up and down the 
shafl. The cylinder should turn freely on its axis, yet be restrained 
from making vertical movements however slight. In front of the path 
of the registering point is a hammer having a long, narrow face parallel 
with the cylinder. This hammer is connected with its axis by means 
of three metallic bars. The striking face of the hammer is of sufficient 
width to cover the head of the registering point, and its length is a little 
less than the length of the cylinder, so that it can in no ease drive the 
registering point against the metallic heads which form the ends of the 
cylinder. 

The movements of the hammer are controlled by two springs. One 
of these is connected with the lever, on the upper end of the hammer 
axis, and operates to cause the hammer to strike the registering point 
when released after being drawn back. The other spring serves as a 
recoil, to keep the hammer from contact with the head of the register- 
ing point while the hammer is at rest A square-headed screw (with a 
key), is used for adjusting the position of this spring. 

In connection with the hammer should be a point (which should not 
be placed so as to interfere with the registering point), for producing a 
row of marks along one margin of the fillet of paper on which the 
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record is made, which row of marks will serve as a point of referencey 
or a substitute for zero, when it is desired to ascertain the numerical 
yalaes of the records on the fillet of paper. The apparatus from which 
this description is made has a device of this kind, which marks the 
paper at intervals of one hour. But as this is merely a matter of con- 
veni^ice for temperature instead of time, a simple steel point |^ of an 
inch to the left of the face of the hammer, and fastened to one of the 
three supports of the hammer will answer the purpose, — if it be so 
placed as to make a mark on the paper every time a record is made bj 
the hammer impinging on the registering point 

The axis of the hammer, like that of the cushioned cylinder, should 
be restrained from all vertical movements, as any movements of this 
kind would make the reference marks irregular and likely to prove to 
be a source of errors. 

The cylinder being filled with paper, is introduced within the rear 
compartment of the case. In this position, it is held by a brake 
which supports on the extremity of a lever at each end of its axis, 
a smaller cylinder, over which the paper passes in its progress to 
the cushioned cylinder. This small cylinder being at the extremity of 
a lever serves to release the brake which holds the first cylinder when 
the paper is drawn tightly. Afler passing from left to right around the 
front of the cushioned cylinder, the paper is embraced between this 
and a feed cylinder of small dimensions behind the cushioned cylinder 
(or in front, if we look at it in the rear compartment of the case), and 
after passing partly around the feed cylinder, the paper is finally wound 
up by the receiving cylinder. A connection is made between the 
lever on the upper end of the hammer axis, and a rock shaft placed 
horizontally above the ends of the train of cylinders in the rear 
compartment of the case. This rock shafl serves as a means of 
communication between a train of clock-work and the hammer : it also 
serves to actuate the feed cylinder by direct movement on a ratchet 
wheel, and also serves to actuate the receiving cylinder, by releasing a 
spring which imparts the necessary and variable movement of the 
receiving cylinder. The clock work connected with this apparatus is 
in two parts. In the upper part of the rear compartment above the 
rock shafl and cylinders, is a train of wheels actuated by a powerful 
spring, the whole duty of which is to move the hammer, and feed the 
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paper through the cylinders. No ordinary clock movement has snffi- 
cient strength in its striking spring to be available as a combined time 
and recording clocks without requiring too frequent winding of the re- 
cording spring. 

In the lower portion of the rear compartment, is a small marine dock 
with jewelled movement to insure action in cold weather. On the shaft 
of the minute hand of this clock is secured a disk or wheel, having four 
pins of unequal length projecting parallel with the shaft. These pins 
act upon a lever which detaches the movement of the recording dock 
every quarter hour. A wire connects the two clocks through this 
lever. This lever is so formed that it may be made to come in contact 
with one, two, or all of the four pins which act upon it, the pins being 
made of different lengths for this purpose. 

More attention has been bestowed upon the thermometrical portion 
of this apparatus, than upon the other portions (both in construction 
and in description), for the reason that that portion is the essential part 
without which the other parts are useless. The thermometer and the 
method by which its indications are recorded, do not seem to be sus- 
ceptible of much improvement beyond what is here said of it The ao* 
eessories of the recording apparatus, the manner of arranging the cyl- 
inders and clock work, are susceptible of various modifications, some of 
which would no doubt much improve the apparatus and i-ender it more 
easy of control than as described. Yet, in its present form, no very 
great difficulties are experienced in its use. 

The construction of the apparatus being sufficiently explained to ren- 
der it easy for any one of sufficient mechanical ability to reproduce a 
similar apparatus, a few words in regard to its operation, and other 
matters incidental thereto, seem necessary. . 

The apparatus as described, presents a range of about 98^ for the 
movement of the registering point against the paper on which the rec- 
ord is made. The limited range of record, renders it necessary that 
two adjustments should be made yearly, where the extreme range of 
temperature exceeds 98^. In this latitude, one adjustment is necessary 
in spring for maximum temperature, another in fall for minimum 
temperature. 

The apparatus is adjusted as follows : 



Firstly, tbe registeritig point is adjusted bj turniog the thnmbBcrew 
at tbe bottom of itie bundle of rods, until tbe registering point corre- 
sponda to the middle of the cushioned cj'linder — or opposite the central 
bar that connects the hammer and its axis. Secondly, the index is 
a^jnated to point perpendicularly upwards — the registering point being 
nndisturbed. A few observatione extended daily for a week, by com- 
parisoa with a reliable mercurial thermometer, will give an approxi- 
mate Kale for the diagram of temperature made by the registering poinL 
After ft few corrections by successive comparisons, the scale for the dia- 
gram may be made free from errors of appreciable magnitude ; after 
wliich the scale for tbe dial may be plotted from the scale used for the 
record, allowance being made for the difference of the radius of the 
pulley and the radios of tbe circle on which the scale ia to be plotted on 
the diaL 

The operations of tbe apparatus from which this paper is drawn, are 
not so perfect as they should be for several reasons. Tbe mechanical 
conveniences at hand during the process of its construction were of a 
very rude character, the various parts not being so free from friction 
and other sources of error of a mechanical nature as they could be ; 
among the most serious causes of error, is the want of agate bearings 
for the knife edges ; tbe rude form of the linlt of the ckaini connecting 
die levers and pulley ; and a considerable amount of friction between the 
rods and the disks tlirough which they were intended to pass freely. 
Much of this friction, no doubt, could be lessened by reducing the num- 
ber of points of contact to a minimum, and having the surfaces in con- 
tact bnmished. Yet, with all these sources of error, the greatest en-or 
involved in the record of the apparatus from tliese causes, is scarcely 
more than ■^°. The fortunate necessity for a weighted lever to connect 
the time and recording clocks, remedies nearly all the errors of friction 
for about 1^ seconds before each record is made, a weight of half an 
ounce falls about one inch, producing vibration, which is sufficie"' *'* 
establish an equilibrium. This vibration is assisted somewhat b 
further vibrations produced by the wheels of the recording clock ' 
the hammer is being raised to make a record. 

In the operation of this apparatus, constant discrepancies have 

observed between the indications of the apparatus and a mercurial 

mometer hung by the side of the rods. These discrepancies wer 

a long time the fruitful source of perplexity — and sometimes wen 

3* 
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ficient to lead to a suspicion that the mechanical principles involTcd in 
the apparatus had not been carefully and- judiciously applied. It was 
afterwards discovered that these discrepancies were greatest under dr- 
cumstances extremely favorable to radiation, and less so under circnm* 
stances where radiation was guarded against A careful study of the 
phenomena of radiation in connection with the two instruments, eventu- 
ally gave the most satisfactory assurance that radUuion was Cbe cause 
of the discrepancies. 

Without going into all the details from which this conclusion was de- 
rived, a simple statement of some of the phenomena will be given. 

In the early part of the day, while the temperature is rising, the mer- 
cury will precede the apparatus from ^io ^ degree — according to 
the exposure to radiation. If very great exposure be made, the dis- 
crepancy may reach two or three degrees. 

In the latter part of the day, when the temperature is declining, sim- 
ilar discrepancies appear, but the mercury in this case, is generally not 
so much in advance of the apparatus. 

The explanation for these discrepancies seems to be this : In morn- 
ing the sun's rays heat the objects on the earth's surface somewhat 
above the general temperature of the atmosphere. The black metallic 
frame in which the mercurial thermometer is encased, by proximity 
renders the mercury more sensitive to radiation than the polished rods 
of the apparatus are. And in evening, objects on the earth's surface 
loose this heat by radiation in space, and have a lower temperature 
than the air. The mercury being more sensitive (through its surround- 
ings), to radiation, is in this case also more affected than the i-ods by 
the temperature of surrounding objects. But on the other hand, the 
rods are more sensitive to changes by contact than the mercurial ther- 
mometer, the smaller size of the rods, compared with the bulb of the 
thermometer, affording an explanation. The extreme sensitiveness of 
the rods to change of temperature by contact is exhibited in the fact, 
that on taking the apparatus and thermometer from a warm room (80^) 
in March to the cold air, (10^) the rods indicated a change of 20° in the 
same period that the mercury passed over 10°. The low temperatures 
of the atmosphere prev^ented further observations to ascertain how far 
this ratio was maintained. 

In the description of the apparatus, the following remarks that 
would have been appropriate in their proper places were omitted. 
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The arrangements of the levers and puHej were selected as here de- 
scribed for the purpose of making a dial available, so that it would be at 
any time easy to compare the apparatus with a mercurial thermometer. 
The record as it appears on the cylinders is inverted ; this is not a seri- 
ous incoarenience, as persons who are accustomed to the use of invert- 
ing microscopes and telescopes can easily understand. The frame and 
arms connected with the registering point, should be no heavier than is 
necessary to keep the several parts cx>ncemed in its movements, in 
proper tension. Probably twenty grains is heavy enough for this purpose. 

Without agcUe bectrings for the knife edges of the levers, the zero 
point will gradually creep up the scale, and require careful watching 
and corrections. The amount of change on brass bearings is not far 
from one degree in about three months. 



Method of using JpparcUus. 

In order to secure uniform results with this apparatus, and to avoid 
accumulations of errors in its record, it is necessary that it should be 
placed in a suitable station where the air circulates freely, while the 
rays of the sun are excluded, and all radiation intercepted as much as 
possible. The apparatus should be placed on a revolving pedestal, 
easily accessible, and never disturbed by any unnecessary vibrations or 
concussions. It should be so placed to afford easy access to either side 
of the apparatus without producing unnecessary distui*bance. 

It will be necessary to compare the working of the appaiutus as often 
as is convenient, with a reliable mercurial thermometer. It may be 
done in this way. Before opening the front of the case, tap the case 
gently to be sure that the registering point is not in error from fric- 
tion ; then by pressing the hammer against the registering point with 
the finger, it may be held while the mercurial thermometer is inspected. 
The readings of the mercurial thermometer and dial may then be 
marked upon the record, and a line ruled along the hammer to point to 
the particular mark to which the readings refer. If discrepancies ap- 
pear, the mean of an equal number of plus and minus mercurial differ- 
ences will probably give the true data from which the readings of the 
apparatus should be corrected if any correction is to be made. 
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It will be found that in cloudy days in which there is no sunshine, 
and very little wind or a steady wind, there will be no sensible discrep- 
ancies. The discrepancies will also vanish near the points of highest 
and lowest temperature each day. 

.... The record may be cut out of the apparatus daily for correc- 
tion, copying and reduction. For this purpose it will be necessary to 
wind up a portion of the fillet on the receiving cylinder, until the record 
is all past the feed cylinder. The paper may now be cut, and unwound 
from the receiving cylinder and removed. The receiving cylinder 
should have a considerable piece of firm paper wound on it, for the pur- 
pose of pinning the unrecorded fillet to it The unrecorded portion of 
the paper may now be wound back upon the first cylinder until only a 
slight fillet is left around the feed cylinder. This operation does not 
necessarily interfere with the record unless it be undertaken and not 
completed at a moment when a record is to be made. 

The fillet of paper on which the record is made by the apparatus, 
should be soft and unglazed ; if stiff, it is liable to embrace the register- 
ing point so firmly as to prevent the spring connected with it from de- 
taching it from the paper. 

The treatment of the record when taken from the apparatus is as 
follows : A fine line is extended over the sheet, along the marginal row 
of punctures used for a point of reference. This line is a guide by 
means of which the paper is pinned over a suitable fillet of firm glazed 
paper on a board used for the purpose, and the holes in the record 
made by the registering point are transferred to the paper below the 
record by means of a suitable pointed instrument ; and afterwards each 
tenth degree of the scale of temperature may be plotted in its proper po- 
sition in horizontal parallel lines, and the different hours of the record in- 
dicated by figures. A simple brass scale may be laid on the paper, from 
which the numerical values of the records may be read, even to tenths 
of a degree if necessary. A vernier for this purpose may at first be 
necessary, but a few trials are sufficient to enable one to dispense 
with the vernier. 

It seems probable that the greatest value of this apparatus is in the 
assistance it will render in determining much more correctly, many 
meteorological questions, than can be conveniently accomplished by any 
methods heretofore employed. 
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For the purpose of determining mean temperature, records at inter- 
Tals of one hour are frequent enough, as there is not much to be gained 
by computations from more frequent records ; and if twenty-four rec- 
ords daily are to be used for computing mean temperature, they should 
be taken not at the beginning or end of each hour, but at the middle of 
each hour. It is not necessary, howeyer, to discuss the reasons for this 
selection at this time. 

Although records at intervals of one hour are sufficient for determin- 
ing mean temperature, it is desirable to have more numerous records, 
for the reason that in this latitude in certain seasons of the year, the 
variations of temperature follow each other in numerous waves, having 
periods of an hour Or less — and elevations and depressions of several 
degrees. From such a record means of intervals of one hour would be 
likely to involve errors wliich could be corrected by taking readings 
from a line representing a mean of the waves of temperature. 
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1. On the Optical Phenomena presented bt the " Silver- 
Spring ^ IN Marion County, Florida. By Prof. John Lb 
CoNTE, of Columbia, South Carolina. 

The extraordinary reports in relation to the optical phenomena said 
to be exhibited by the " Silver-Spring," induced me — under the invita- 
tion and guidance of my hospitable friend, Col. A. 6. Summer of Flor- 
ida — to visit it daring the month of December, 1859. And although 
— as might have been anticipated — many reputed facts vanished un- 
der the scrutiny of careful observation, and all of its so-called mysteri- 
ous and wonderful phenomena are obviously referable to well-known 
physical principles ; yet, it may be interesting to give a brief statement 
of them, and to indicate how they may be referred to the recognized 
Uws of physics. 

This remarkable '^ Spring" is situated near the centre of Marion 
county in the State of Florida, in latitude (about) 2d° 15' north, and 
longitude 82^ 2(K west It is about five miles north-east of Ocala — 
the county seat — and nearly in the axis of the peninsula, being 
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equally distant from the Atlantic and Gulf coasts. Its waters are dis- 
charged by a short stream bearing the same name (namely, ^ Silver- 
Spring "), which, running about six miles, unites with the Ochlawaha 
(or Ocklawaha), a tributary of the St. Johns river. The stream takes 
its origin in a deep pool or hecul-Jxmn^ which is called par exceBence, 
the '^ Silver-Spring." This basin is nearly circular in shape, about 
200 feet in diameter, and is surrounded by hills covered with Live- 
oaks, Magnolias, Bays, and other gigantic evergreens. The amount of 
water discharged is so large, that small steamers and barges readilj 
navigate the Silver-Spring up to the pool or head-epringy where there 
is a landing for the shipment of cotton, sugar, and other produce. 
These steamers and barges make regular trips between the Silver- 
Spring and Palatka on the St Johns. The boatmen informed me, 
that at its junction with the Ochlawaha, more than one half of the water 
is contributed by the Silver-Spring stream. 

By means of a canoe, I explored the stream for about two miles 
from its head : its breadth varied from forty-five to 100 feet, and its 
depthy in the shaHotoeat parts, from ten to fifteen feet : — the smallesi 
depth measured was not less than ten feet in the channel of the stream. 
The average velocity of the stream was rudely estimated at about two 
miles per hour: at the narrowest portions it was estimated at three 
miles per hour. According to the reports of the residents, the level of 
the water of the Spring at the landing, is subject to comparatively 
slight fluctuations ; scarcely ever exceeding two feet. These fluctua- 
tions of level seem to be connected with the season of rains. The com- 
mencement of the rainy season varies from the 15th of June to 15th 
of July. The waters of the Spring begin to rise about the middle of 
the season of summer rains, and attain their maximum height about its 
termination. 

The maximum depth of water in the pool or basin constituting the 
head of the Silver-Spring, was found to be not more than thirty-six feet 
in the deepest crevice from which the water boils up: — the general 
depth in the central and deep parts of the basin was found to be about 
thirty feet These measurements were made by means of a heavy 
plumb-bob attached to a twine, to which bits of white cloth were se- 
cured at intervals of six feet or one fathom. As the plumb-bob as well 
as each piece of white cloth indicating the fathoms, could be distinctly 
seen down to the very bottom^ the measurements were of the most satis- 
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fiictoiy character. Inasmach as accurate quantitative determinations, 
however easily applied, are seldom resorted to hj the unscientific, we 
need not be surprised, that the real depth of this Spring falls very far 
short of its reputed depth/ In South Carolina, the reported depth was 
varioasly stated at from 120 to 150 feet ; on the confines of Florida 
it was reduced to eighty feet ; while the smallest estimate in the vi- 
einitj of the Spring was forty-five feet I This affords an illustration of 
the general law, that the accuracy of popular statements bears an tn- 
verse proportion to the distance from the point of observation ; proba- 
bly — like all emanations from centres — following the law of inverse 
squares/ 

Doubtless, the grecUer portion of the water which flows in the Silver- 
Spring river is furnished by this principal or head'tpring ; but there 
are several tributary springs of a similar character along the course of 
the stream, which contribute mere or less to the volume of water. 
These usually occur in deep basins^ or coves (as they are called), in re- 
cesses along the margin of the stream. The depth of one of these coves 
situated about 200 yards below the head-spring, was found to be thirty- 
two feet in the crevice in the limestone bottom from which the water 
boiled: — in other deep parts of the basin, the depth was about twenty- 
four feet The ^^ Bone-Tard" (so called from the fact, that several 
specimens of the bones of the Mastodon have been taken from it), situ- 
ated two miles below the head-spring, is a cot^ or basin of a similar 
character. Its maximum depth was found to be twenty-six feet 

The most remarkable and interesting phenomenon presented by this 
Spring, is the tnUy extraordinary transparency of the water ; in this 
respect surpassing any thing which can be imagined. All of the in- 
trinsic beauties which invest it, as well as the wonderful optical proper- 
ties which popular reports have ascribed to its waters, are directly or 
indirectly referable to their almost perfect diaphan(i^y. On a clear and u 

calm day, afler the sun has attained sufficient altitude, — the view from 
the side of a small boat floating on the surface of the water near the 
centre of the head-spring^ is beautiful beyond description, and well cal- 
cnlated to produce a powerful impression upon the imagination. Every 
feature and configuration of the bottom of this gigantic basin is as dis' 
tinctly visible as if the water was removed, and the atmosphere substi- 
tuted in its place ! 
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A larger poilion of the bottom of this pool is covered with a 
luxuriant growth of species of water-grass, and gigantic moss-like 
plants, which attain a height of three or four feet* The latter are 
found in the deepest parts of the basin. Without doubt, the develop- 
ment of 60 vigorous a v^etation at such depths, is owing to tbe 
large amount of solar light which penetrates these waters. Some parts 
are devoid of vegeiation ; these are composed of limestone rock and 
sand, and present a white appeaitmce. The water boils up from fis- 
sures in the limestone; these crevices being filled with sand and 
comminuted limestone, indicate the ascending currents of water bj the 
local milk-like api>earance produced by the agitation of their contents. 
At these points, my plumb-bob was observed to bury itself in the mass 
of boiling sand. 

My observations were made about noon, on the 17th, and again on 
the 20th of December, 1859. The sunlight illuminated the sides and 
bottom of this remarkable pool as brilliantly as if nothing obstructed 
the light. The shadows of our little boat, — of our overhanging heads 
and hats, — of projecting crags and logs, — of the surrounding forest, — 
and of the vegetation at the bottom, — were distinctly and sharply de- 
fined ; while the constant waving of the slender and delicate moss-like 
plants, by means of the currents created by the boiling up of the water, 

— and the swimming of numerous ^/M above this miniature subaqueous 
forest, — imparted a living reality to the scene which never can be for- 
gotten. And if we add to this picture — already sufficiently striking 

— that objects beneath the surfiice of the water, when viewed obliquely, 
were fringed taith the prismatic hueSy — we shall cease to be surprised 
at the mysterious phenomena with which vivid imaginations have in- 
vested this enchimting Spring, as well as at the inaccuracies which have 
been perpetuated in relation to the wonderful properties of its waters. 
On a bright day, the beholder seems to be looking down from some 



* Sabseqaent examination of specimens of these plants, indicates that hcfAi of 
them belong to the Cryptogams : the former , seems to be a species of the genus 
IsbeUs, of the Order HydropterideSf of the Family of lA/copodiacea, The latter, 
seems to belong to the genus Fontinalis, of the Division PUurocarpi, of the great 
Family of Musci, or Mosses. 
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lofty air^f paint on a truly faiiy scene in the immense basin beneath 
him : — a scene whose beauty and magical effect are vastly enhanced by 
the chromatic tints with which it is invested I 

Popular opinion has ascribed to these waters remarkable magnifying 
power. In confirmation of this, it is commonly reported, that the 
** New York Herald " can he read at the bottom of the deepest parts o 
Uie pool. It is almost needless to state, — that the waters do not pos" 
sess this magnifying power, — that it is only the kurge capitals, consti- 
tuting the grand heading of this paper, which can be read at the bot- 
tom, — and that the extraordinary transparency of the water is abun- 
dantly sufficient to account for all analogous facts. A variety of care- 
ful experiments were made with the view of testing this point, by se- 
curing printed cards to a brick which was attached to my fathoming 
line, and observing at what depth the words could be read when 
viewed vertically. Of course, when looked at obUqnelyj the letters were 
distorted and colored by refraction. Numerous eomparative experi- 
ments were likewise executed, in relation to the distances at which the 
same cards could be read in the air. The results of these experiments 
may be announced in a few words, namely : — That, when the letters 
are of considerable size, — say a quarter of an inch or more in length, — 
on a clear and calm day^ they could he read ai about as great a vertical 
distance beneath the surface of the water as they could he in the atmoS" 
phere I * Subsequently my young friend Dr. Henry M. Holmes of ^ Sil- 
ver-Spring," at my suggestion, repeated several of these experiments, 
with identical results. In some instances, the cards were read by those 
who were ignorant of the words on them. The experiments were 
made on various sized letters, and at depths varying from six to thirty 
feet The comparative experiments in reading the cards in air and 
water, serve to convey a more distinct idea of the wonderful diaphc^" 
nous properties of the latter, than any verbal description. 

Some persons have thought, that there was something mysterious in 
the fact, that objects beneath the surface of the water, when viewed 
obliquely, are fringed with prismatic hues. It is unnecessary to re- 
mind the physicist, that such a phenomenon is a direct physical con- 
sequence of the laws of dispersion of light by refraction, Observa- 



* When the letters are strongly tUuminated, the reading distance is limited by the 
smallneu of their images on the retina, and not by the anunmt of light reaching the eye, 
VOL. XIV. 4 
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tion proved, that tohite objects on a dark ground were fringed with Mue 
at the top and orange and red at the bottom ; while the color of the 
fringing was reverted for dark objects on a white ground. This is ex- 
actly in accordance with recognized optical principles.* In the pres- 
ent case, the phenomenon is remarkably strikinff and contpicuovsj 
probably, from two causes : First, because the extraordinary transpar- 
ency of the water rendered subaqueous objects highly luminous ; «ee- 
ondly, because the gigantic eyergreens which fringed the pool, cut off 
most of the surface refiectionj which would otherwise have impaired the 
visual impression produced by the more feeble refracted and dispersed - 
light proceeding from the objects. The diadow of the surrounding for- 
est formed a dark background^ analogous to the black cloud on whidi 
a rainbow is projected. 

One of the optical phenomena presented by this Spring, at first sight, 
seemed somewhat paradoxical : Namely, thcU when looking vertically^ 
the depth of the pool appeared to be exaggerated. This fact was most 
strikingly and satisfactorily illustrated by the exaggeration of the appar- 
ent intervals between the bits of white cloth indicating the fathoms on 
my sounding cord. The fi&thoms near the surface underwent a some- 
what greater apparent elongation than those nearer the bottom : — but 
aU were exaggerated in length. This phenomenon was observed in all 
places and under all circumstances ; was the same whether viewed with 
mie or both eyes ; and presented the same appearance to oU observers. 
The apparent length of the upper fathom was variously estimated at 
from eight to ten feet. In ordinary cases of considerable obliquity oi 
view, it is a familiar fact, that the water appears to be shallower than it 
really is, in consequence of the seeming elevation of the bottom pro- 
duced by refraction. Hence the foregoing facts in relation to the 
apparent exaggeration of depth, may seem to be inconsistent with re- 
cognized c^tical principles. But a little reflection will show, that when 
the eye is placed near the surface of the pool, and when we are looking 
down in a direction approaching the vertical, — the only method of es- 
timating its depth is by means of the apparent intervals between iiit^> 
vening objects : — as for example, the intervals between the branches of 
a sunken tree and the bottom, or between the fish and the subaqueous 

• Vide, Hencfaeri Treatise on Light. Encyc. MOrep,, Artide 429. 
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regetation over which they are swimming, or between the fathom 
marks on the sounding line. Now, from well-known optical principles, 
it is obvious, that the apparent distance between two objects thus 
Yiewed, depends, caterii paribus, on the angle which they subtend at 
the eye. Thus, for instance, the apparent length of a fathom on the 
Bounding cord, will depend on the magnitude of the angle made hj the 
rajs of light proceeding from the upper and lower bits of cloth which 
mark the interval. And inasmuch as the rajs of light proceeding from 
the fathom mark which is nearer the surface make a greater angle of 
ineidenee than those coming from the mark next below, thej must un- 
dergo a greater degree of refraction : — hence the apparent angle sub- 
tended at the eye bj the interval in question (one fathom) is greater 
than if it had been viewed in the air ; and, therefore, the length seems 
to be exaggerated. 

Moreover, as the apparent length of a fathom depends on the angle 
subtended at the eye, while the degree of refraction is proportional to 
the sine of the angle of incidence ; it follows, that when the incidence is 
largey the augmentation of the angle by refraction will be relatively 
greater than when it is tmalL Hence, the uppermost fathom should 
appear to be longer than those below it : — this is precisely in con- 
formity with observation. Our estimate of the decrease of these ap- 
parent lengths with increasing depth, is doubtless vastly exaggerated 
by the greater fore-shortening of the lower fathoms. But as all of 
them seem to be more or less elongated, and as the whole depth is thus, 
as it were, measured by exaggerated linear units, it must appear to be 
greater than the reality. 

The general result to which these optical laws lead is, that to an ob- 
server sitting in a boat in the middle of the pool, the bottom near the 
margin (if visible at all, for if the angle of incidence is too large, the 
%ht from subaqueous objects will be totaUy reflected, and will not 
emerge from the water), will seem to be elevated and the water appear 
to be shallower than it really is ; while the bottom near the centre will 
seem to be depressed^ and the apparent depth will be exaggerated. In 
other words, near the margin, the depth is measured by the angle made 
at the eye by the rays proceeding from submerged objects with those 
coming from the shore line : — this angle being diminished by the re- 
fraction of the former, the depth is apparently diminished. On the 
other hand, when looking direcdy downwards, we measure the depth 
bj the angle made at the eye by rays emanating from upper and lower 
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submerged objects : — this angle being augmented by the greater re- 
fraction of the former, the depth is exaggerated. These physical prin- 
ciples thus afford a satisfactory explanation of the peculiar inverted beU- 
shaped appearance, which the basin presents to an observer floating 
near its centre. They likewise explain a fact which strikes the most 
casual observer ; namely, that when the boat is advanced towards an 
apparently shallow spot situated at some distance, it appears to grow 
deeper as we approach the point in question. 

The foregoing is a general physical explanation of the phenomenon 
of exaggeration of depth ; but the principles of optics fumbh us with 
the means of submittmg it to a numerical test, and, consequently, of 

showing its adequacy to account 
for all of the facts observed. 
Following out the graphic meth- 
od, the validity of the physical 
explanation was at first tested 
^ by construction. While this 
illustrated in a very satisfactory 
manner, the accuracy of the 
deductions which had been 
drawn, and their entire ade- 
quacg to explain all of the ob- 
served phenomena, — at the 
same time, it enabled me to 
throw the question into a more 
severe mathematical form. As- 
suming the surface of the water 
to be a horizontal plane, and 
the sounding-line to be vertical, 
the application of a few ele- 
mentary principles of geometry 
and trigonometry will enable 
us to submit this question to 
this more rigorous test In 
the annexed figure let MA N 
be the surface of the water, HA FF' F\ etc, the sounding-line, E the 
position of the eye receiving light from the successive fathom-marks 
FF' F\ etc., assuming no water to be interposed, and E' the position 
of the eye receiving the corresponding rays afler refraction by the 
water. 
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LetBS= HA == h (the height of E above the water). 
AF z= d (the depth of Jir$t fathom-mark). 

FFf, F' F", etc, = Z (the length of the fathoms), 
t, t', t" etc = the angles of incidence, 

r, /, r", etc = the corresponding angles of refraction. 

n = the index of refraction for water = 1.88 6. 
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From the law of refraction, 

sin r = n X sin t, and sin / = n X sin t', etc 

By geometry the angle subtended at ^ by FF' = t — t' : Also, the 
angle at F' after refraction = r — /. Then by trigonometry we 
have 

cot.-=..^:+/ + -^ .eotr=^?tl+^^->etc 

i (h-\-d) X tan* 



(^ + rf) X tan 



Hence it follows, that when h, dy Z, and t are given, t', i^ f etc may be 
calculated, and consequently r, /, r'', r^' etc may be found: — hence 
the angle subtended at .^ by FP (= % — i'), as well as that sub- 
tended at E' (= r — /) by the same fathom-interval become known. 
For the sake of illustrating this point, let us assume, 

A = 2 feet ; rf= 1 foot; X = 6 feet; and t = 30^ 

Then, by the application of the formula above given, and the geometri- 
cal and physical principles already indicated, the following table has 
been calculated for the foregoing condition of things : 







Angle fabteaded »( E. 


Angle subtended at E^, 


Ratio 

of£ 

toET 

6:8.67 
6:8.00 
6:8.06 
6:8.08 


i ^2fP 


r =41054' 46^/ 
1^ = 140 87^28'/ 

K/= 80 48^64'' 

r/// = 60 18^17'' 


BjFF^ =190 6^24// 
»r jy jy/ = 40 ly 24^' 
« jy/ fy// — 1° 62^ wr 
•« jy// jy///__io 2/41// 


BvFF^ =270 17^18'/ 
d prpff __ 6°48'84'' 
« FTf Ffff — 20 80^87^'' 
" Ffff Fff/f — 10 28^66'' 



From this it follows that, under the assumed conditions, the first 
fathom-interval is exaggerated in the ratio of 6 to 8.57, whilst the 
others are elongated in a ratio but slightly greater than six to eight 
If the angle x (other conditions being the' same) had been taken larger 
the excest of the elongation of the^*< fathom-interval would have been 
greater. It thus appears, that all of the fathom-intervals are exagger- 
ated nearly in the ratio of six to eight or three to four : that is, «en- 

4* 
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iibly in the ratio of the tines of the angles of incidence and refraction 
for water. This is only true for small angles of incidence, that is, for 
the lower fathoms ; for, in that case, the sines may be considered pro- 
portional to the angles. Hence, the real depth of this pool being thirty- 
six feet, the apparent depth, assumed to be measured by the exagger- 
ated linear units, would be forty-eight feet. 

Strictly speaking, the rays of light emanating from the successive 
fathom-marks, which, under the assumption of no refraction, reach a 
given point E, would not all, after refraction, arrive at the same given 
point E' : — so that, in strictness, the rays of light which enter the eye 
at E', are, /or the lower fathoms^ — those which emerge from the water 
under very slightly different angles of incidence from those given in the 
table. But it is obvious, that its influence on the deduced ratio of the 
angles subtended at E and E\ would be whoUy inappreciable. 

The rigorous solution of this problem in physical optics, involves the 
application of that refined physico-mathematical reasoning, which has 
not ceased to exercise the ingenuity of some of the greatest geometers, 
since the period (in 1682), when Tschimhausen first called attention to 
caustic curves. Sir John Herschel shows, that when the refracting sur- 
face is plane, and the refraction is made from a denser into a rarer 
medium, as from water into air, '^ the diacaustic curve is the evohUe of 
an ellipse, whose major axis is normal to the plane refracting surface ; 
the radiant point being in the lower focus, while the centre of the ellipse 
is at the intersection of the major axis with the refracting surface." * 
In this case, the radiant is a fixed point, and the eye is supposed to 
view it under all possible angles of emergence. The case which we 
have under consideration is not materially different Here the eye is 
fioced, and the radiant consists of a series of equi-distant points descend' 
ing vertically. In fact, MM. Engel and Schellbach, in their admira- 
ble Darstellendende Optik, have presented us with beautiful graphic 
representations of the exaggeration and distortion which submerged ob- 
jects undergo when viewed by the eye placed in various positions above 
the plane refracting medium, f 

* Vide, Herschers Treatise on Light. Eneyc. Metrop. Artide 238, Fig, 39. 

t Vide, Darstellendende Optik, von F. Engel nnd K. Schellbach. — Halle, 1856. 
Taf. 1. Fig. 3 et 4. Under such conditions, sabmei^d objects not only appear to 
be exaggerated in length, bat they seem to be more or less curved in the common 
plane of incidence and refraction ; the centre of concavity being towards the ob- 
server. 
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Thus, it has been shown, that all of the beautiful optical phenomena 
presented bj the Silver-Spring are referable to recognized physical 
principles, and that all of the so-called mysteries of its waters vanish 
under the scratinj of exact science. It only remains to indicate the 
cttuses -which produce the extraoi*dinar7 transparency of the water, 
upon which, as has been shown, the entire group of phenomena is de- 
pendent. It may be remarked, that these diaphanous properties are 
perenntal : — they 'are not in the slightest degree impaired by season, — 
by rain or drought The comparatively slight fluctuations in the level 
of the water in the pool, to which allusion has been made, produced by 
the rainy season, are not (according to the uniform testimony of the 
residents), accompanied by any turbidity of its waters. At first sight, 
it may seem paradoxical that, in a country where semi-tropical summer 
rains occur, the waters of this stream should not be rendered turbid by 
the surface drainage. But the whole mystery vanishes when we con- 
sider the peculiar character of the drainage of this section of Florida. 
Although the surface of the country is quite undulating or rolling^ — 
the summits of many of the hills being thirty or forty feet above the 
adjacent depressions ; yet, there is no surface drainage ; tliere is not a 
hrooh, rtvtUei, branchy or swamp to be found in this part of the State. 
The whole drainage is subterranean : even the water which falls near 
the banks of the Silver-Spring passes out by underground channels. 
There is not the slightest doubt, but that all of the rain water which 
falls on a large hydrographic basin passes down by subterraneous 
channels, and boils up and finds an outlet to the St. John's river, by 
means of the Silver-Spring and the smaller tributary springs which 
occur in the coves along the margin of the stream. The whole surface 
of the country in the vicinity of Ocala, and probably over the area of 
a circle of fifteen miles radius, whose centre is the Silver-spring, is 
thickly dotted with lime-sinks, which are the points at which the sur- 
face water finds entrance to the subterranean passages. New sinks are 
constantly occurring at the present time. The beautiful miniature 
lakes, whose crystal waters are so much admired, which occur in this 
portion of Florida, are, doubtless, nothing more than extensive limC' 
sinks of more ancient date. 

Under this aspect of the subject, it is obvious that all the water 
which falls on this hydrographic basin boils up in the Silver-Spring 
after having been strained, JUtered, and decolorized in its passage through 
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beds of sand and tortuous underground channels. It thus comes oat 
not only entirely free from all mechanically suspended materials, bat 
completely destitute of every trace of organic coloring matter. Accord- 
ing to the barge-men^ there is a striking contrast between the color and 
transparency of the waters of the Silver-Spring and the Ochlawaha at 
their junction. The latter river drains a country whose drainage is 
not entirely subterraneous. In addition to the above-mentioned condi- 
tions, which persistently secure the waters of this spring from the ad- 
mixture of insoluble materials as well as from the discoloration of 
organic matters, it seems highly probable, that the minute quantity of 
lime which they hold in solution may exercise some influence in aug^ 
meriting their transparency ; for they appear to be more diaphanous than 
absolutely pure water. There is nothing a priori improbable in the 
idea, that the optical as well as the other physical properties of the 
liquid, are altered by the materials held in solution. This is an inter- 
esting physico-chemical question, which demands experimental investi- 
gation. It is proper to add, that the waters of the Silver-Spring are 
not charged with more than the ordinary amount of carbonic acid ; they 
deposit no carbonate of lime ; so that the amount of lime held in solu- 
tion must be comparatively small. 

Doubtless there are many other springs to be found in the State of 
Florida, whose waters possess the same optical properties as those of 
the Silver-Spring ; although, perhaps, their transparency may be less 
perfect. The '' Suwanee Spring " is said to exhibit analogous phe* 
nomena ; and the famous fountain situated ten miles from Tallahassee, 
called Wachulla or Wakulla, is represented as ^* an immense limestone 
basin, as yet unfathomed in the centre, with waters as transparent as 
crystal." Inasmuch as I have not examined these springs, I am unable 
to say, how far the optical phenomena which they present, may be 
identical with those exhibited by that which is the subject of this 
paper. 

As in some measure related to the peculiar system of subterranean 
drainage above indicated, it may not be deemed inappropriate to con- 
clude this communication with a few general remarks in relation to 
the physical causes which have produced the several qualities of sur- 
£Eice soil, which are found in the neighborhood of Ocala and the Silver- 
Spring. The whole of this portion of the peninsula appears to have 
been originally composed of a mixture of sand and shell-limestone, 
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probably of the Eocene period. The lime-rock coraes to the surface, 
almost everywhere : in some cases, it is composed of nearly pure car- 
bonate of lime ; in others, silicification, to a greater or less extent, has 
taken place by the displacement of the lime by silex. But in all cases 
where its structure can be made out, it consists of a mass of conglom- 
erated shells. The three grades of fertility at present existing in the 
soil of this portion of the State, appear to be owing to the greater or 
less facility with which the lime has been removed from it by aqueous 
agencies. In the fertile and densely wooded Hammock lands, large 
quantities of sofl carbonate of lime may be found at or near the sur- 
face. In the Mulatto pine lands, which are now extensively cultivated 
in cotton and Indian com, the amount of surface carbonate is less abun- 
dant, a considerable portion of it having been either silicified or re- 
moved from the soiL While in the sterile sandy pine lands, no lime is 
to be found ; the whole of the rock having disappeared, excepting that 
which has undergone silicification. In the Hammocks, an impervious 
substratum of clay has prevented the lime from being carried off by 
the percolation of meteoric waters ; in the Mulatto lands (so called be- 
cause there is a subsoil of yellow clay), the substratum is less imper- 
vious, so that a large portion of the lime has been removed; while in 
the pine barrens, in consequence of the absence of a clay subsoil, the 
whole of the surface lime has been carried off by subterranean drain- 
age, leaving no surface rocks excepting those which are silicified. Ac- 
cording to this view, the light pine lands which now produce cotton 
with so little labor, are in the transition stage to the pine barrens, and 
cannot be expected to retain their fertility for any great length of time, 
unless lime is restored to them by the cultivator. The heavily tim- 
bered Hammocks require a greater outlay to bring them under cul- 
tivation, but they constitute the most valuable and enduring lands in 
this section of the State. Unfortunately they embrace but a com- 
paratively limited area, when contrasted with the space occupied by 
the pine ]ands. The outlines of the Hammocks, as indicated by the 
dense growth of gigantic evergreens, are singularly and sharply defined, 
either dotting or intersecting the desolate pine-barrens; sometimes 
forming narrow sinuous verdant bands extending ten or fifleen miles, 
which, at a distance, remind one of extensive swamps, or the bottom 
lands bordering a stream. 
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2. On the Sudden Disappearance op the Ice op our North- 
ern Lakes in the Spring. Bj Gen. J. 6. Totten, Chief 
Engineer of the U. S. Army. 

Some forty jears ago, being at Plattsburg, New York, on the mar- 
gin of Lake Champlain, and not far from the widest part of the lake, I 
had a favorable opportunity for studying the phenomenon of the sud- 
den disappearance of the great body of the ice covering that lake ; a 
body of very many square miles in extenf, and not less than one foot 
in thickness. 

This striking phenomenon has oflen given rise to wild speculation 
and conjecture in the unscientific world. It was the subject of discus- 
sion in this Association ; and it is under the impression, perhaps erro- 
neous, that full information was not then and has not been since pre- 
sented, that I now venture to produce the following substance of my 
observations, though made chiefly at that distant day. 

At the close of a day in April, I think, the whole surface of Lake 
Champlain, with the exception of a very few "air holes" or unfrozen 
portions of at most a few acres each, and a strip of water next the 
shores, was one great expanse of ice, of a thickness not less than 
twelve inches ; and apparently, looking merely at the surface, as solid 
as ever. 

During the following night, there arose a strong wind from the 
southward, blowing, therefore, nearly lengthwise of the lake ; and when 
I looked out the following morning, not a particle of ice was to be seen ; 
but instead thereof, a lively play of water sparkling with " while caps." 
There was, as determined by immediate and close examination, abso- 
lutely no ice upon the water nor in the water ; not a fragment, large or 
small. Upon the lee shore of a bay close at hand, there was, however, 
a fringe of broken ice that had been washed up by the waves ; and in 
the condition of these few remains of the night's work was to be found, 
it seemed to me, a satisfactory explanation of a change certainly very 
surprising from its suddenness and completeness ; and deemed indeed 
even by high authority in philosophy, so much to partake of the mar- 
vellous as to require a higher solution than philosophy was able, con- 
sistently to supply. 
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I Tenture, in offering this mite to the collections of the Association, 
to give the explanation then suggested bj mj examinations ; because, 
as intimated before, I am not aware that such particulars as I have to 
describe, have been connectedly given, although they must have been 
of^en exhibited to individual observation, and as oflen, one would think, 
hsLYe led to an explanation simple, satisfactory and clearly within the 
domain of the consistent philosophy that nature loves. 

The fringe of broken ice was found to consist wholly of prismatic 
fragments ; all of which, excepting a few broken transversely, were of 
nniform length, namely a length exactly equal to the thickness of the 
mass of ice of which they had been portions.* 

The sides of these fragmeiits were irregular as to number and form ; 
the breadth or thickness varying sometimes in the same prism from 
three quarters of an inch to an inch and a half — perhaps a little more 
or less ; but notwithstanding such variations, there was a general agree- 
ment as to shape and size ; and the general result in all was a decidedly 
prismatic form. There were, moreover, sometimes to be seen upon 
their irregular sides, portions of some length that were probably true 
crystalline faces. Excepting a small portion at one end of each that 
was evidently made up of half-melted and refrozen snow, they were 
very transparent, with few air-bubbles, and as sonorous, nearly, as 
similar prisms of glass. 

Examinations then and afterward of floating freshwater ice (which 
alone I have observed), have shown that the natural effect of the ad- 
vancing year is gradually to transform ice, solid and apparently homo- 
geneous, into an aggregation of these irregular prismatic crystals, stand- 
ing in vertical juxtaposition, having few surfaces of contact, but touch- 

* The following description and remarks, so far as relates to details, belongs to the 
particdlar case then, so ranch to mj astonishment and surprise, presented to notice. I 
bare observed since, that the circumstances under which bodies of freshwater ice 
are formed, are not always favorable to so clear an exhibition of the law of stmc- 
tore. The vertical arrangement of elongated solid pieces, although sometimes quite 
irregular as to shape and dimensions, and interrupted, and lapping in their length, 
is however, I believe, always to bo seen in blocks of ice in which solution is some- 
what advanced, and to be detected by cleavage, unless, indeed, the process of con- 
gelation has been disturbed by forces too great for an observance of the law of 
erystallization. Such deviations do not however, it is thought, touch the general 
conclusions to which our case seems to lead us. 
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ing rather at points and on edges, and kept in place at last, merely by 
want of room to fall asunder. Until this change has somewhat ad- 
vanced, the cohesive strength of ice of considerable thickness is still 
adequate to sustain the weight and shock of the travel it had borne 
during the winter ; but becoming less and less coherent, bj the growing 
isolation of the pri§ms, or more and more *' rotten,** as the phrase is, 
though retaining nearly all its thickness, the ice will at last scarcely 
support a small weight, though bearing upon a large surface — the foot 
of a man easily breaking through, and very slight resistance being 
made to the point of a cane. 

Before describing the peculiar preliminary process by which ice is 
brought to this condition, it may be well to follow out the steps by 
which the striking phenomenon of the sudden disappearance, by melt- 
ing, of vast fields of thick ice is accomplished. The final process of 
dissolution will vary somewhat with circumstances; but in all cases 
where the ice has been, so to speak, duly prepared, nothing is wanting 
to a quick disappearance, but a disruption of the few remaining sur- 
faces of contact in the prismatic assemblage. If this be not abruptly 
effected by undulations in the field of ice, solution will continue to erode 
the sides of the constituent prisms, until, being no longer in contact, or 
adequately sustained laterally, each will drop into the position in the 
water below, required by the place of its own centre of gravity — that 
is to say, it will lie upon its side, exposing large surfaces to the action 
of the warm water. It is easy to see that this will occur, if not simul- 
taneously, with all the prisms in rapid succession. 

But the effects, in the instance that first drew my attention, were 
the results of violence ; causing the greater surprise, by suddenly bring- 
ing about what, according to the caUn process above indicated, would 
have been postponed for many days. 

The condition of the ice on Lake Champlain on the day in April 
before mentioned, being a mere aggregation of vertical prismatic ciys- 
tals, cohering only at points and along edges and narrow surfaces, as 
shown next morning by fragments on the shore, it could oppose little 
resistance to waves raised by the wind of the foUowing night. These 
acting first upon the edges of the •* air-holes," and open spaces between 
the ice and the shore, caused slight undulations there in the ice itself, 
and the consequent falling apart of the feebly cohering prisms; so that' 
the water surfaces bemg thereby enlarged, a short time only was neces- 
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saiy for the waves, increasing in altitude and force with the enlarging 
water sor&ces, to send their undulations far before them under the 
yielding ice. The prisms falling upon their sides, all more or less 
immersed, affording now large surfaces to the solvent action of water 
above the melting temperature, and stirred about by the waves, were 
quicklj dissolved. It is not easy to saj in how short a time, under 
loch circumstances, the great transformation would be wrought, but 
there ought to be no surprise that all was accomplished in the eight or 
ten hours of a spring night 

The preliminary process, before alluded to, of the conversion of 
masses <^ solid ice into an aggregation of vertical prisms by partial 
solution, must be dependent on the fact that the law of crystallization 
io that substance yields prisms with vertical axes. That this is the 
law is indicated by cleavage as well as by solution ; for while this is 
easy and ft«e in planes perpendicular to the upper surface, it is said, 
truly I believe, not to be attainable in directions oblique or parallel 
thereto. Beyond this general fact of a vertical arrangement of prisms, 
it is not necessary to go for elucidation of our subject, even if I could 
give minute specifications as to the crystallization of ice. I am not 
aware, indeed, that this question in crystallography, interesting as it 
might prove, has been very thoroughly investigated ; but however that 
may be, we have demonstrated to us by the natural process of solu- 
tion, that ice formed as in the case before us, however solid and homo- 
geneous in appearance, contains a hidden array of crystalline prisms. 
So much is certain ; and this, for the present, is enough on that point 
May we not further assume, that in the process of arrangement about 
the axes of these prisms, as they are projected downwards into the 
freezing water, the particles of water, in obeying the law of crystalliza- 
tion, crowd out, radially, the portions of air that would otherwise inter- 
fere with their just disposition as ice ; and that, at last, this air, by 
accumulation in spaces between the prisms, suffices to prevent further 
obedience to the symmetrical principle, causing, in these spaces, a con- 
fbsed and porous crystallization peculiarly favorable to the action of a 
solvent? Whether this be the precise cause or not, a condition favor- 
able to dissolution certainly exists in the irregular spaces between the 
prisms, as we see by the particulars before given. 

The process of Daniel for bringing to view the innate crystallization 
of apparently amorphous masses — namely, submitting them to the 

VOL. xrv. 5 
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action of a solation of the same substance, so nearlj saturated at to 
exercise solvent power only when the solidification b imperfect^ 
seems to afford a close analogy to that followed by natare, in preparing 
ice for quick dissolution. 

The natural action seems to be this. The early rama of spring 
throw upon the surface, and, by the tributaries, pour under the fields of 
ice, frequent supplies of water, at a temperature melting even at firsts 
and rising with the progress of the year. This warm underiyiag 
water, acting chiefiy on the porous spaces between the prisms, dissolves 
them out to the full depth to which the ice is immersed, and perhaps 
still further, by capillary action. At the same time, die spongy ice, 
formed upon the upper surface by melted and refrozen snow, affbrdsi 
by melting, warm water, to affect similarly the poroos spaces b^ween 
the tops of the prisms. 

In this way, during the oonsiderable period intervening between the 
first spring nuns and the final breaking up of the lake, the solid ice la 
transformed into the condition necessary to a sudden dissolution. 

We may assume, indeed, that the solvent action begins on the lower 
surface, about the time the accretion, by further freezing, ceases ; thai 
it proceeds very slowly, so long as the temperature of the water r^ 
mains below that of the greatest density, and of course that it goes on 
more rapidly as the water is lifted above that temperature by the grow- 
ing warmth of spring. 

I regret that I did not take the temperature of the water in the 
morning after the disappearance of the ice ; but on this point I may 
add to what is said above, that the spring was than well forward ; all, 
or nearly all, the snow had melted from the fields ; the early rains and 
melted snows had for some time been raising the lake, which was thai 
nearly at its greatest height* It was this rise in the lake that had 
spread a margin of water that did not Jreeze between the great field of 
ice and the shore. The inference from all the circumstances, that the 
temperature of the water at the time of disruption, and for some time 
previous, was not only above the melting point, but also above that of 
maximum density, seems to me unavoidable. 

I may here be permitted to mention another matter connected with 
fields of lake-ice that has excited some wonder ; namely, the move- 
ment towards the shore of boulders, sometimes quite large. The pro- 
cess which must have occurred to intelligent observers, and has prob- 
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ablj been heretofore explained, seems to be this : after the rising of 
the water has supplied an unfrozen margin, a strong wind will some- 
times cause the whole field to move until its edge meets adequate re- 
sistance upon the shore, all boulders encountered in the way, being 
pushed before it, into an arraj upon the shore that accurately marks 
the extent of the invasion. These lines of boulders are to be seen in 
many places, registering accurately, not the work of the preceding 
year, but the greatest effort of any previous year. 

The circumstances of some deep«lying boulders may be such that 
they are rarely embraced, acted on, or moved ; and such may long, by 
fits, continue to be erratic, though finally to join the general shore 
parade. ^ 

The force of these moving fields is very great, even when the decom- 
posing process is much advanced. I have seen a timber wharf, which 
was about thirty feet square, ten or fourteen feet high, and filled solidly 
with earth and stones, shoved along the bottom about thirty feet, by a 
single continuous push of a great field of ice just ready to be resolved 
into its prismatic elements. The motion was very slow ; only to be 
seen, indeed, by close observation ; while the ice was broken at the 
edge of contact into innumerable fragments, piling themselves, with a 
tinkling sound, high upon the wharf and following ice. 

A simple and effectual guard against this danger to wharf or pier 
has been found to be, the giving to the exposed face a certain talus 
(about one of base to two of height, 1 think), which turns the ice up- 
wards to the top of the structure, where its fragments accumulate, 
sometimes to a considerable height This easy diversion of so great a 
force is due, of course, to the peculiar crystalline structure of the ice, 
the degree to which it has been decomposed, and the consequent brit- 
tleness against a transverse strain. Should there be an unfrozen mar- 
gin to permit this motion of large fields of ice, before the solution of 
continuity in the crystalline arrangement, nothing but the solid earth 
could stand before it 

These remarks have extended further than I intended ; and I fear 
much beyond what was required by the state of knowledge on the sub- 
ject But I venture, nevertheless, in reference to the first portion of 
these remarks, one further observation, namely, that nature seems to 
have especially provided, in the structure of these wintry coverings of 
water surfaces, for their prompt removal, when their existence would 
retard the advancing year. 
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3. Investigation of the Frobleh BEOABDiNa the Existence 
OP A LuNAB Tidal Wave on the gbeat Fbeshwateb 
Lakes of Nobth Amebica. By Brevet Lieut-Colonel James 
D. Gbaham, Migor of Topographical Engineers, U. S. Army. 

Much has been written, at various periods, on the fluctuations in the 
elevation of the surface waters of the great freshwater lakes of North 
America. 

Valuable and interesting memoirs have appeared from time to time 
in the American Journal of Science and Arts, published monthly at New 
Haven, Connecticut, within the last thirty years, on this subject, written 
by the late Brevet Brigadier-General Henry Whiting, of the U. S. 
Army, when a captain, by Major Lachlan, Charles Whittlesey, Esq., and 
others. The observations contained in their memoirs have, however, 
been directed chiefly to investigations of the extent of the secular and 
annual variations in elevation of the surfaces of these lakes. 

The learned Jesuit fathers of the time of Marquette, a period near 
two centuries ago, and at later periods the Baron de la Hontan, Char- 
levois, Carver, and others, noticed in their writings the changes of 
elevation, and some peculiar fluctuations which take place on these 
inland seas. In the speculations indulged in by some of these writers 
a slight lunar tide is sometimes suspected, then again such an influence 
on the swelling and receding waters is doubted, and their disturbance is 
attributed to the varying courses and forces of the winds. 

But we have nowhere seen that any systematic course of observation 
was ever instituted and carried on by these early explorers, or by any 
of their successors who have mentioned the subject, ^ving the tidal 
readings at small enough intervals of time apart, and of long enough 
duration, to develop the problem of a diurnal lunar tidal wave on these 
lakes. The general idea has undoubtedly been that no such lunar in- 
fluence was here perceptible. 

In April, 1854, 1 was stationed at Chicago by the orders of the (Jov- 
emment, and charged with the direction of the harbor improvements 
on Lake Michigan. In the latter part of August of that year, I caused 
to be erected at the east or lakeward extremity of the North harbor 
pier, a permanent tide-gauge for the purpose of making daily observa- 
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tions of the relative heights and fluctuations of the surface of this lake. 
The position thus chosen for the observations projects into the lake, en- 
tirely beyond the mouth of the Chicago River, and altogether out of 
the reach of any influence from the river current, upon the fluctuations 
of the tide-gauge. It was the fluctuations of the lake surface alone^ 
that could affect the readings of the tide-gauge. ^ 

On the first day of September, 1854, a course of observations was 
commenced on this tide-gauge, and continued at least once a day, until 
the 3l8t day of December, inclusive, 1858. During' each of the first 
three winters a portion of the daily observations was lost, owing to the 
tide-gauge being frozen fast in its box, but they constituted only a small 
number in proportion to that embraced in the series. During the sub- 
sequent winters artificial means were resorted to, to prevent this freez- 
ing. These observations will be found printed, in my public reports, 
in the following Congressional documents, namely. Senate (executive) 
Doc No. 16 of the d4th Congress, dd session, at pp. 85 to 98, and 821 
to 328 ; Senate (executive) Doc No. 42 of the 35th Congress, 1st ses- 
sion, pp. 24 to 35 ; Vol. 2, Part 2 (marked on the back " Part 3 ") of 
documents accompanying the President's Message to the 35th Con- 
gress, at the commencement of its 2d session, pp. 1105 and 1106. 

These observations were instituted chiefly for the purpose of ascer- 
taining with accuracy the amount of the annual and also of the secular 
variation in the elevation of the lake surface, with a view to regulating 
the heights of break-waters and piers to be erected for the protection of 
vessels, and for improving the lake harbors. 

A close inspection of these observations, and a comparison of the 
observed elevation of the lake surface at the periods when the moon 
was on the meridian and in the horizon, showed clearly that there was 
a difference at these two periods amounting, in the average of all the 
tides, to as much as fifleen hundredths (.15) of a foot, and in the 
average of the spring tides or those which occurred at the conjunction 
and opposition of the moon with the sun, to at least as much as two 
tenths (.2) of a foot 

This result was announced in my annual report to the Topographi- 
cal Bureau of the War Department on the 15th of November, 1858, 
aad also before the Chicago Historical Society at its annual meeting, 
on the 30th of that month. See pp. 1107 and 1108 of Vol. 2, Part 2, 
of Docs, sent with the President's message to the 35th Congress at the 

5* 
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commencement of its 2d session, December, 1858 ; also, p. 39, Vol. .3 
of the Historical Magazine, published monthly at New York, hj C. B. 
Bichardson. 

For the purpose of a more complete investigation of this problem, 
we instituted a new series of observations upon the tide-gauge already 
alluded to. It was commenced on the Ist day of January, 1859, and 
continued to the Ist of July, inclusive, of that year. It embraces 
nine thousand one hundred and eighty-four (9,184) observations 
made at consecutive intervals of half an hour apart, as a general rule, 
and sometimes at intervals of fifteen (15) minutes apart, and contin- 
ued uninterruptedly, both day and night, with the exception of two 
hundred and thirty-two (282) observations which were lost, chieflj in 
the stormy portions of the months of February and March. But for 
these unavoidable losses, the series would have consisted of 9,416 ob- 
servations. 

We have prepared a paper showing all these observations in full 
detail, with remarks upon the winds, the weather, &c, for future pub- 
lication, with the view of exhibiting every vicissitude, favorable and 
unfavorable, which attended the series. The half hour (and in four in- 
stances the quarter hour), coordinates of elevation of the surfisice of 
Lake Michigan, reckoned from the period (before and after) of the 
moon's meridian transit, resulting from a mean of all the observations 
appertaining to each coordinate, and expressed in decimals (thou- 
sandths) of a United States foot, were found to be as follows, namely:— 



PHT8IC8 OF THE GLOBE. 



55 



Table I. — Showixo the half-houblt (akd, at two periods, the quae- 
teb-hourlt), Coordinates of Altitude of the Averaqb Semi 
DIURNAL Lunar Tidal Wave at Chicago, on Lake Michigan, de- 

RIYED FROM THE WHOLE 9,184 ObSERYATIONS MADE FROM JANUARY 1, 

TO July 1, 1859. 
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Lunar low water. 
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0.008 






1 


4 80 


0.016 






4 00 


0.030 






3 30 


0.040 






^9' 


3 00 
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Moon in the meridian* 
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0.146 
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0.134 
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Lonar high-water. 
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0.040 
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5 00 
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6 00 


0.030 


Slightly discrepant ow- 
ing to a preponderance of 
unfavorable winds at this 
particular period. 






6 30 


0.012 






k 


6 50 


0.000 


Lunar low-water. 



The accompanjing profile, marked Fig. 1, shows the character of a 
semi-diurnal tidal wave passing through our tide-gauge, as deduced 
from the whole series of observations made, and projected from the 
foregoing table. They both show an average difference between the 
elevation of the surface of this lake, at lunar low and lunar high water; 
embracing every vicissitude, whether favorable or unfavorable, of 
winds, weather, &c, during the six months' observations, of one ban- 
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dred and forty-six thousandths (•146) of a foot Thej also show that 
the average time of lunar high-water at Chicago is thirty minutes after 
the time of the moon's meridian transit. 

On examining with scrutiny all the observations embraced in the 
series, we find one hundred and eighty-nine (189) which we think may 
be fairly rejected, because influenced in an extraordinary degree by 
unfavorable winds. This would reduce the number of observaUons 
remaining in the series to 8,995. From these, the half-hour and quar- 
ter-hour coordinates of altitude are deduced as follows, namely : — 



Ta3lb n. — Showing thb half-hourlt (and at two pesiods ths quab- 
txr-hourlt) Coordinates of Altitude of the Averaob Semi- 
diurnal Lunar Tidal Wave at Chicago, on Lake Michigan, ab de- 
rived FROM 8,995 out of the 9,184 Observations made between 
January 1 and Jult 1, 1859. 
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3 00 


3 30 


4 00 
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6 00 
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Obaerred elera- 
tlon of the lake 
■orfkce in deci- 
mals of a foot. 



Ft. Decimal!. 
0.000 
0.005 
0.004 
0.013 
0.030 
0.041 
0.054 
0.078 
0.090 
0.098 
0.108 
0.127 
0.148 
0.153 
0.148 
0.137 
0.134 
0.132 
0.113 
0.107 
0.084 
0.056 
0.040 
0.031 
0.025 
0.023 
0.024 
0.010 
0.000 



Lanar low-water. 



Moon in the meridian. 
Lanar high-water. 



Lunar low-water. 
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The accompanTiDg profile, marked Fig. 2, shows the character of 
k semi-diurnal wave projected from this modified general result. It 
kows a difference of elevation, between the high and low-water co- 
idinates, of one hundred and fifly-three thousandths (.153) of a foot, 
id it still indicates thirty minutes after the time of the moon's merid- 
iD passage, or southing, as the average period of lunar high-water. 

Fnun one day before, to two days after the periods of the moon's 
BDJanction with, and opposition to the sun, the observations upon the 
ide-gauge were made continuously, both day and night, at regular in- 
ffvals of fifteen (15) minutes of time apart This was done with an 
^>ectal view to obtain, as near as possible, the time of lunar high- 
nter compared with that of the moon's meridian passage or southing, 
I the period of spring tides ; and also with a desire to ascertain, with 
i practicable accuracy, the measure of the quarter-hourly coordinates 
f altitude of the lake surfiice when under the maximum influence pro- 
ceed by the combined attraction of the sun and moon, acting in the 
une or in nearly the same direction. 

For this object a separate tabulation was made, of all the quarter- 
rarly observations which occurred from about twelve (12) hours be- 
'ffe, to twenty-four (24) hours after the periods of the conjunction and 
Imposition of the sun and moon, from the new moon of January 3, to 
^ new moon of June 1,* inclusive, excepting, however, the observa- 
^ns which occurred about the period of the new moon of April 3, a 
portion of those which occurred at the period of the full moon of 
Itarch, and portions of those which occurred at the periods of the new 
ttd full moon of May. Those which were excluded were too violently 
itected by the stormy and unfavorable winds which then prevailed, to 
B>ike it proper to admit them in making up the mean altitudes of the 
coordinates for the spring tides. The number of unobjectionable obser- 
^tions that were collated for this purpose amounted, however, to 1,200, 
fio that each quarter-hour coordinate of altitude for the spring tides is 
^uced from a mean of twenty-four (24) actual observations, as shown 
iathe foDowing Table No. 3 : 



* Unfortanatelj the winds were so boisterous, and caused so great perturbations 
^the lake surface, at the periods of full moon of June 15, and tbe new moon of 
^one 30, that we were obliged to reject the obserrations made at those periods, in 
iiisking up the coordinates of altitude for the spring tides. J. D. G. 
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Table in. — Showiito thb quabtsr-houklt Cookdivatbb op Altitxtdb 
OP THE Aybraoe Sbmi-diu&ku* Luhas Sprieo Tidal Wayb at Cni- 
CAOO, ox Lake Michioah, as derived fxom 1,S00 Obsbrtatiohs icai>b 

BETWEEN JaKUART 3 AND JcKB 2, 1859, AT ABD BEAR THE WmyMSLLL 

PERIODS OF New and Full Moon. 



Mmb Solar In- 
terralof timebe- 
fbrt or after the 
Moon'i meridian 



h m. 

6 00 
45 
30 
15 
00 
45 
30 
15 
00 
45 
30 
15 



5 
5 
5 
5 

4 
4 
4 
4 
3 
3 
3 
3 
3 
S 
2 



00 
45 
30 
15 



2 00 



45 
30 
15 
00 
45 
30 
15 
00 



1 
1 
1 
1 




Obeemd elera- 

tk>n of the lake 

■nr&ce, in ded- 

nmlfcnaibot. 



ft. Dedmali. 
0.000 
0.006 
0.014 
0.029 
0.035 
0.042 
0.049 
0.057 
0.079 
0.081 
0.089 
0.091 
0.101 
0.121 
0.129 
0.145 
0.153 
0.169 
0.178 
0.187 
0.195 
0.216 
0.225 
0.226 
0.233 



Low-water of lanar spring tide. 



Moon in the meridian. 
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biB nL — ctmUmied. Showino thb qitabtbs-houblt Coobdikatbs or 
Altitude op thb atbbagb Sbmi-Diubnal Lubab Spbikq Tidu* Wjltb 
AT CmiQAao, OK Lakb MicHiour, as debitbd fbom 1,200 Obsebya- 

TI0V8 XABB BBTWBEB JaNUABT 3 AlTD JcXBr S 1859. AT AHD BBAB THB 
BXTBBAX PBBIODS OF NbW AND FuiX MoON 



U. 



M«ui Solar in- 
terral of time be> 
ton or after the 
Moon^i meridian 



li< m. 

15 
80 
45 
00 
15 
30 

1 45 
3 00 

15 
30 
45 
00 
15 
30 
45 
00 
15 
30 





1 
1 
1 



S 

9 
S 
3 
3 
3 
3 
4 
4 
4 



4 45 

5 00 
5 15 
5 30 

5 45 

6 00 
6 15 
6 28 



Obterred dera- 
tion of the lake 
■nrftoe, in ded- 
maU of afoot. 



Ft 

0^8 
0.254 
0.241 
0.229 
0.226 
0.221 
0.221 
0.201 
0.179 
0.161 
0.140 
0.120 
0.112 
0.103 
0.093 
0.072 
0.066 
0.072 



0.067 
0.059 
0.046 
0.040 
0.042 
0.050 
0.027 
0.000 



High-water of Lanar spring tide. 



Slightij discrepant owing to a pre- 
ponderanee of anfarorabie winds at 
this particular period. 



i Slightly discrepant owing to the 
y same cause. 

Low-water of Lnnar spring tide. 
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The lunar semidiurnal spring tide, averaged in the above Table III "" 
is graphicallj shown in the accompanying profile marked Fig. S. Tb [ 
codrdinates of altitude are given for every fifteen minutes of elapsoi • 
time, from low to high-water, and thence to the succeeding low-wate^ | 
The difference of elevation of the lake surface, between the periods i 
lunar low and lunar high-water at the mean spring tides is here showl 
to be two hundred and fiflj-four thousandths (.254) of a foot, and tU 
time of high-water at the full and change of the moon is shown 4 
be thirty (30) minutes afler the time of the moon's meridian transit. 

We, therefore, in accordance with custom in like cases, indicate 4 
the establishment for the port of Chicago, 

J Foot, 0* 30. 

Although this knowledge may be of but small practical advantage 
navigators, yet it may serve as a menM>randum of a physical phenonK 
non whose existence has generally heretofore been either denied 
doubted. 

We think it probable that, if the effect of unfavorable winds and 
other extraneous forces which produce irregular oscillations in the th 
vation of the lake surface could be fully eliminated, a semi-diurnal lun] 
spring tide would be shown of as much as one third of a foot for 
periods of highest tides. 

The time of low-water and the relative times of duration of the 
and ebb tides are given only approximately. The extreme rise of tl 
tide being so little, the precise time of the change from ebb to fli 
and hence the duration of the fiow of each, can only be accurately d^ 
termined by numerous observations at short intervals, say three to fi' 
minutes of time apart, from about an hour before to an hour after tl 
actual time of low-water. 

In conclusion, we offer the above observations as solving the prol 
lem in question, and as proving the existence of a semi-diurnal luni 
tidal wave on Lake Michigan, and consequently on the other grei 
freshwater lakes of North America, whose coordinate of altitude is, 
its summit, as much as .15 to .25 (^ to tV^^) of a foot, United Stat 
measure. 
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4. Abstract of the Principal Results of the Observations 
OF the Tides at Van Rensselaer Harbor made bt the 
Second Grinnell Expedition under command of Dr. E. 
K. Kane, U. S. N., during 1853, 1854, and 1855, from a re- 
duction and discQssion by Chas. A. Schott, Assistant Coast 
Survey. 

[PreaoDted bj frof. A. Bache, Superintendent Coast Sorrej.] 

It is proposed to present the principal results of the observations 
and discussion of the tides at Van Rensselaer Harbor. This paper forms 
the sixth and last of the series prepared by me for publication.* 

Occasional tidal observations were made after passing Smith's Straits 
where, owing to the peculiar navigation through the narrow openings 
between the coast and the bay ice, the vessel was much exposed to the 
tidal action, frequently grounding at low-water and otherwise, by taking 
advantage of high tides ; slowly advancing to her winter-quarters. The 
bay, near the head of which the Advance was laid up, is freely exposed 
to the north and northwest (true), the indentation of the shore line is 
about five miles ; some rocky islands are situated within the bay. 
Shortly after the vessel entered the harbor, a tide-staff was arranged, 
and a series of tidal observations were commenced on Sept. 11, 1853, 
and continued with occasional interruptions (partly owing to defects in 
the pulley-gauge afterwards rigged up, and partly owing to other un- 
avoidable accidents), till the 24th of January, 1855, on which date the 
regular log-book appears to have been discontinued. 

The several series of the observations during this time are of very 
unequal value as will appear in the detailed examination and discus- 
sion of the results. The difficulties to be overcome in the attempt to 
secure a reliable set of observations were considerable, those of a phys- 
ical nature being the greatest. The observations with the staff or 
sounding-line are subject to irregularities from a slow movement of the 
vessel, which, though imbedded in ice, is yet not stationary during the 
greater part of the year ; these observations may also be affected by 

* For the complete ^^tcgtn, see Smithsonian Contribation to Knowledge, Yolome 

I. 

VOL. XIV. 6 
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the softness of the bottom ; the observations by means of a pulley tide- 
gaage may be defective on account of a slow drift of the vessel and 
motion of the ice-field, also in consequence of a lengthening or shorten- 
ing of the rope, or it may be in consequence of the slipping of the rope 
or chain on the circumference of the wheel. This latter defect or one 
similar m its nature has been the source of much annoyance, and re- 
quiring the application of corrections to the readings in order to refer 
all observations to the same zero of the scale. There is another defect 
to which pulley-gauges are subject, it is the gradual rise of the vessel, 
in consequence of the consumption of provisions and fuel. 

The pulley-gauge is described by Dr. Kane as follows : *^ Our tide 
register was on board the vessel, a simple pulley-gauge, managed with 
a wheel and dependent on her rise and fall for its rotation ; one end of 
the cord represented a fixed point by being anchored to the bottom, the 
free end with an attached weight rose and fell with the brig and re- 
corded its motion on the g^rooved circumference of a wheel. This 
method was liable to objections, but it was connected by daily sound- 
ings. The movement of our vessel partook of those of the fioe in 
which she was imbedded.'' 

In order to ascertain the nature of the tides as well as the degree of 
reliability of the different observations, the readings were roughly plotted 
for a first examination, the fbUowing series were found suitable for dis- 
cussion : — 

Series L from Oct 10, 1853, to Dec 28, 1858. This series with 
the exception of three days is complete ; the observations in the latter 
part of December appear to be of a less reliable character. The 
hourly readings are superseded by half-hourly readings on Nov. 8th, 
and continue so to the end of the series. After Nov. 28, corrective 
soundings were taken at noon each day. In order to make use of 
these soundings, the mean depths of the water at the anchorage was 
deduced from them, as follows : — 

December, 1853, mean depth fipom 31 soimdiDgs, 

Juiaarj, 1854, " " " 21 

February, " " « "17 

March, " ** " " 19 

April, " " " " 20 

May, " " « " 9 

Mean depths of the water in winter of 1853-54, 
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For series I. (and all subsequent series), the reading 7.0 was adopted 
to express the plane of reference ; the zero of the scale was therefore at 
an elevation of 36.6 feet from the bottom. The readings of the pulley- 
gauge are expressed in feet, as I have been informed by Mr. Sontag. 

Series II. from January 28, 1854, to April 7, 1854. The double 
half-hourly readings of the pulley-gauge are continued. The series is 
complete, with the exception of ten days which had to be omitted. 
The corrective soundings at noon are continued with occasional omis- 
sioDS. 

Series III. from April 20, 1854, to August 3, 1854. The double 
half-hourly readings of the pulley-gauge continue to May 5, after which 
date single half-hourly readings are recorded. The corrective sound- 
ings cease on May 12. Interruptions occur between May 4 and 7, oh 
July 8, between July 15 and 18, and between July 20 and 28. On 
the 8th of August the brig was released from her ice-cradle and rose 
2^ feet ; on the 2dd, the brig was in but 7 feet of water and grounded. 

Senes IV. from Sept 7, 1854, to Oct. 22, 1854. The hourly 
observations assume again a more regular appearance; they were 
taken with the sounding-line and are expressed in fathoms and feet. 
Afler Oct 21 the irregularities increase, and it was thought best to 
take no further notice of the remaining observations ; the strength of 
the party no longer permitted due attention to the tidal phenomena. 
It was apparent that before any reduction of the tides could be made 
they had first to be reduced to the same zero or mean level of the sea. 
To effect this in a manner apparently best suiting the case and other- 
wise unobjectionable, two curved lines were traced on the diagrams, 
the upper one enveloping the highest high-water ordinate of each day, 
the other enveloping the lowest low- water of each day ; in tracing these 
lines some allowance was made, when necessary, for disturbing causes, 
80 as to obtain tolerably smooth curves, cases of abrupt changes were, 
of course, treated accordingly. A line equidistant from these curves 
was assumed as representing the mean level, and when straightened 
out was adopted as axis of reference. The correction to refer each 
observation to this plane of reference was taken from the diagram. 
This method of treatment excludes necessarily (in series I. II. III.) 
any discussion of the mean level of the sea, the oscillations of which 
have been found small at other places. As an illustration of this the 
tides at Singapore might be referred to ; the Eev. W. Whewell (7th 
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series of researches on the tides, PhiL Trans. R07. Society, p. 1. 1837), 
finds for these tides, that if a line is drawn representing the mean 
height (midway between high and low-water each day), it is veiy 
nearly constant, though the successive low-waters often differ by six 
feet (on account of the diurnal inequality), the mean level only oscil- 
lates through a few inches. The use of the soundings intended to fur- 
nish corrections to the readings of the pulley-gauge is in many cases a 
doubtful remedy on account of the continued change in the zero of the 
wheel's index ; in fact, to be effective, it would have required numerous 
soundings at other hours than noon. As it is, a combination of the 
corrections by enveloping curves and soundings had to be ad<^ted. 
For intermediate hours the corrections as given by the curves serve as 
guides. The reduction to the same level affects the times generally 
very little. 

The following note of February 8, 1854, is instructive in regard to 
the effect of the tides on the ice floe. ^ The enormous elevation of the 
land ice by the tides has raised a barrier of broken tables seventy-two 
feet wide and twenty feet high between the brig and islands. This 
action has caused a recession of the main floe ; our vessel has changed 
her position twenty feet within the last two spring tides, and the haw- 
ser connected with Butler Island parted with the strain." After giving 
the tidal record in a form ready for use, the observations were properly 
tabulated for the purpose of deducing empirically their laws, and for 
comparison with theory. In the U. S. Coast Survey two blank forms 
are in use for this tabulation ; they have in their essential part been 
adopted as suitable for the Van Rensselaer Harbor tides, and were 
used with permission of the Superintendent of the Survey. These 
forms, however, strictly apply only for such cases where the diurnal 
inequality is comparatively small, or is at least not approximating to 
the production of single day tides. In order to show, at a glance, the 
general character of the tides, they were replotted, when it appeared 
that the diurnal inequality is not of so great an amount as to render the 
use of the ordinary method of reduction unavailable ; on the other hand, 
this inequality is sufficiently large to require a special discussion for 
time and height. The extension of the series of observations over a whole 
year must be considered as a fortunate circumstance, since the results 
thereby gain considerably in accuracy over others deduced only from a 
few disconnected lunations. The first form of tabulation contains, in 
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ooliimn ly the date, civil reokoning ; oolamn 2 gives the apparent time 
of the moon's superior and inferior transit over the Van Rensselaer 
Harbor meridian, obtained bj adding nine minntes to the time of 
transit at Greenwich, allowing for a difference of longitude of 4^- 4d^"' 
W. Mean time was converted into apparent time bj applying the 
equation of time. The Ume of the lower transit was obtained hj tak- 
ing the mean of the timet of the preceding and following u{^r transit ; 
columns 3 and 4 contain the apparent time of high and low-water 
taken ftom the record ; columns 5 and 6 exhibit the luni-tidal interval 
between the time of high and low-water, and the time of the transit of 
the moon immediately preceding, though in some cases owing to the 
half-monthly inequality, it may be the second pre^ceding, the establish- 
ment being about 1 1 1 hours. This transit of comparison has been called 
transit F by Sir John Lubbock. The next columns, 7 and 8, give the 
height of high and low-water extracted from the abstract The remain- 
ing columns contain the moon's parallax and declination at noon. The 
second form of reduction is especially arranged to obtain the estab- 
lishment and the half-monthly inequality in time and height ; that the 
inequality in time and height should also be made out from the low- 
waters is especially important for stations where either the observa- 
tions are of short extent or else where difficulties tend to render the 
observations less accurate. 

In order to obtain well-balanced mean values in Table No. 2, Peirce's 
criterion was applied. Of 982 observations of the interval, only seven- 
teenvalues were rejected. 

Half-moniUy inequaiity. — For the comparison of the observed 
with the theoretical values, it is customary to use the forms of the 
equBibrium theory or of the wave theory, certain modifications being 
necessary to produce an agreement between these theories and obser- 
vation. According to the equilibrium theory, and allowing for the 
retroposition of the theoretical tide as required by the wave theory, the 
inequality in time can be expressed by the formula, 

^ ^ Ai + Acos2 (gj — a)' 

* Phil. Trans. Roy. Soc 1834, Part I. On the empirical laws of the tides in the 
port of London, with some reflections on the theory, by the Rev. W. Whewell. See 
also Trans, of 1836, Part I., on the Liverpool tides, by the same anthor. 

6* 
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where h and h}- are the elevations of the aqueous spheroid due to the 
sun and moon respectively, qp the angular distance of the moon from 
the sun, 6^ the angular distance of the pole of the spheroid (or of high- 
water), from the moon's place. The pole of this spheroid follows the 
moon at a certain distance, the mean value }} of which is known as the 
^ mean establishment," and which corresponds to a distance of the sun 
and moon of qp — a instead of 9. This inequality goes through its 
period twice in each month. The observations of 480 high-waters and 
485 low-waters furnished the following tables of the luni-tidal interval; 
they are given separate for upper and lower transit of the moon, but in 
this abstract I present only the mean values : — 



From obferTttd hJ^-waten. 




From obMnred low-vmten. 


Apparent 






Apparent 
Sokr time 






Solar time 


Lool-ttdal 


No. of 




LonS-ttdal 


No. of 


of Moon's 


Interral. 


Obaerrationi. 




of Moon's 


InterraL 


Obeerrationi. 


traaaU. 








traniU. 






h. m. 


h. m. 




u« m« 


h. m. 




29 


11 37 


43 




30 


17 50 


45 


1 30 


11 12 


43 




1 31 


17 48 


42 


2 30 


11 01 


40 




2 30 


17 29 


41 


3 30 


10 47 


45 




3 30 


16 59 


46 


4 30 


10 56 


41 




4 30 


16 49 


39 


5 29 


10 58 


36 




5 29 


17 00 


33 


6 32 


11 59 


36 




6 30 


17 40 


37 


7 30 


12 27 


38 




7 29 


18 17 


40 


8 30 


12 43 


45 




8 30 


18 31 


48 


9 31 


12 22 


36 




9 31 


18 43 


35 


10 30 


12 21 


39 




10 30 


18 19 


42 


11 30 


12 16 


38 




11 30 


18 11 


37 


Mean and 






Mean and 






•am, 


11 43.3 


480 




sam. 


17 48.0 


485 



The mean establishment resulting from the observed times of 480 
high-waters is therefore 11^* 4d^°'' referred to the moon's transit im- 
mediately preceding and corresponding to a mean horizontal parallax 
of the moon and sun, and to the moon's (and sun's) declination of 15^. 
This mean interval from the high-waters corresponds to the moon's 
transit of 0^* 21°^- nearly, indicating that the epoch would have come 
out 0^' 0™- if transit E (of Lubbock's) had been used. The difference 
between the establbhment of the high low-water is 6^- 04.7™-. We find 
from the observed high-waters a= 0**- 21™- and from the low-waters 0^ 
50"-. Range of the inequality from the high-waters !**• 51™-> and from 
the low- waters 1^- 54™-, hence the expression for the half-monthly in- 
equality becomes : 
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From high-waters : 

tan 2 (^1 — 175^ 49^.5) = 



From low-waters : 



_ 0.4649 sin 2 (y — 5^ 15^ 
1 + 0.4649 cos 2 (9 — 5° 15')" 



^ ^1-1- 0.4771 cos 2 (9 — 12° SO') 

The observed and computed values agree very closely, as may be 
seen from the diagram. From the times we have the mean value 

A S" 
— or — 

of the wave theory, and 

{A) of Lubbock's = 0.471 and a = O^^- 36°>- 

Hence the age of the tide or the time requisite for the moon to increase 
its right ascension by that amount becomes eighteen hours. 

Half monthlf/ inequality in height. The theoretical expression is, 

y = V^ [Ai« + A« + 2 A^ A cos 2 (9 — «)]. 

The following table contains the results of the observations from the 
high and low-waters (the mean from the moon's superior and inferior 
transit): 



Moon's traniit. 


Height of 
high-water. 


Numher. 


Height of 
low-water. 


Number. 


h. m. 

30 

1 30 

2 30 

3 30 

4 30 

5 30 

6 30 

7 30 

8 30 

9 30 

10 30 

11 30 


Feet. 

12.1 

11.9 * 

11.8 

11.0 

10.5 

9.5 

9.1 

9.3 

9.8 
10.4 
ll.O 
11.6 


45 
43 
39 
47 
42 
38 
39 
39 
47 
38 
40 
38 


Feet. 

1.4 
1.2 
1.7 
2.0 
3.2 
4.1 
4.4 
4.7 
3.8 
2.8 
1.9 
1.4 


45 
43 
40 
46 
41 
35 
40 
42 
49 
36 
42 
38 


Mean and 
•am, 


10.67 


495 


27.2 


497 
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The inequality is closely represented by the expression, 

For high-water, y = 10.6 + 1.5 cos 2 (qp — 15°), 
« low « y* = 2.7 _ 1.7 cos 2 (g) — 15*^), 

the maximum difference between observed and computed values is 0.4 
feet ; the small differences are shown by the diagram. From the in- 
equalities in height 

The ratio of the solar to the lunar tide is deduced with more exactness 
from the inequality in times, and the above value is certainly greater 
than the average value deduced at moje southern stations. One of the 
reasons why this ratio is not constant, and which probably applies here, 
may be stated as depending on the approach of the tides by opposite 
channels ; in which case this ratio depends on the length of the chan- 
nels ; this view would require a polar tide to enter through Kennedy 
Channel to combine with the principal tide which passes up Baffin's 
Bay and enters by Smith's Straits. According to the equilibrium 
theory, there should be no tide at the pole, and but a small tide in lat 
78^, but it b the tide wave propagated from the Atlantic which may 
be felt in this part of the polar regions. With regard to a, its value as 
found by the heights is more accurate than that found by the times, 
the latter gave a = 9®, the former 15** ; adopting 15°, the retard 
or age of the tide becomes Ij; day, by which interval the spring and 
neap-tides follow syzygies and quadratures respectively. The time 
value of a is here smaller than the height value, which is more in 
accordance with theory than the opposite. We have also, mean rise 
and fall of tides at Van Rensselaer Harbor 7.9 feet, range of spring 
tides 11.1 feet, and range of neap-tides 4.7 feet. These numbers are 
averages from the discussion of 9^ lunations, and obt^n without regard 
to the diurnal inequality. 

Effect of the changes in the moorCs declination and paraUax on the 
half-monthly inequality in time. To ascertain the effect due to the 
changes in the moon's declination and parallax, an anterior value, cor- 
responding to a certain age of the tide is to be used in the comparison ; 
the preceding investigation gave for the retard 1 J day ; each luni-tidal 
interval minus its corresponding mean value for the respective hour of 
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transit, was tabulated, together with the moon's declination and parallax 
(each separately) and corresponding to one day anterior to the time of 
high or low-water. The observations, while they give the half-monthly 
inequality with considerable accuracy, cannot be expected to give its 
variations with the same reliance, and it was found necessary to form 
groups for different values of the declination and parallax. The fol- 
lowing table of corrections was obtained : — 

Correction to Interval for Moon's Declination. 



Moon^t tnnslt. 


0«tol3o 


130 to 210 


210 to 270.5 


h. ni« 


m. 


m. 


m. 


30 


— 2 


— 7 


+ 5 


1 30 


+15 , 


— 5 


—18 


2 30 


+21 


— 7 


—12 


3 30 


+23 


—11 


— 5 


4 30 


+ 9 





—13 


5 30 


+14 


+ 4 


—15 


6 30 


— 9 


+18 


— 3 


7 30 


+ 1 


—13 


+ 9 


8 30 


— 2 


+ 9 


+15 


9 30 


— 6 


+ 1 


+22 


10 30 


+ 1 


— 6 


+10 


11 30 


— 3 


— 2 


+ 8 


Mean,' 


+ 5 


— 1 ' 


— 1 


Number of 
ObsenratioDS, 


373 


262 


348 



Correction to Interval for Moon's Paraliax. 





54' to 56' 


66' to 58' 


58' to 61 '.4 


m. 


n. 


m. 




—12 


+14 


— 7 




—17 


+17 


+ 5 




—11 


+12 


— 2 




— 1 


+20 


—10 




— 1 


+ 1 


— 3 




+16 


+19 


—36 




+ 7 


— 3 


— 2 




+ 5 


— 3 


— 6 




+26 


—10 


+ 8 




+ 9 


—11 


— 5 




+10 


— 9 


— 7 


Mean, 


— 4 


+ 4 


+ 4 


+ 2 


+ 4 


— 5 


Namberof ) 
Obeerv'ns, ) 


387 


244 


333 
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The table exhibits systematical values for the periodical part of the 
lunar effect or for the term J9 sin 2 (qp — y) referring to the declina- 
tion changes. D is about 14°^- , and y is about 15^, 60°, and 105° re- 
spectively. The variation in the inequality due to the moon's dedina- 
tion appears large when compared with its value at other pkces, bat 
it is in conformity with the large value of half-monthly inequality 
itself. 

Diumcd inequdlity. We now proceed to the examination of a prom- 
inent feature of the Van Rensselaer tides, namely, the diurnal in- 
equality. The laws of this inequality were first understood and re- 
duced to computation by the Rev. W. Whewell, and the subject has 
since been taken up by Prof. A. D. Bache, superintendent U. S. Coast 
Survey. His researches commenced ^out nine years ago, and resulted 
in a further extension of the method of discussion as well as in the 
recognition of the geographical extent of the phenomenon on our own 
coast, single day tides. The effect of this inequality in extreme cases 
was now successfully discussed and reduced to rule ; for these labors 
the reader may be referred to the PhiL Trans. 1836 and 1837, and to 
Coast Survey reports of 1851, 1852, 1853, 1854, and 1856. Ac- 
cording to the equilibrium theory, the diurnal tide ought to be very 
small in latitude 79^ ; but viewing the Van Rensselaer harbor tide as a 
consequence of the propagated Atlantic tide, the existence of a diurnal 
inequality in so high a latitude need not surprise us. The foUowing 
notes were extracted from Capt (now Sir) F. L. McClintock's narra- 
tive of the voyage of the Fox, 1857, 1858, 1859. Referring to Bel- 
lot Straits: '^As in Greenland, the night tides are much higher than 
the day tides." Speaking of the ice motion, he says : " Now we know 
that the night tides in Greenland greatly exceed the day tides." When 
near Buchan Island the vessel grounded during the day tide, and was 
floated off by the night tide. By the labors of Dr. Kane we now know 
that the diurnal inequality is found as high up as latitude 79^. At 
Northumberland Island the difference in the day and night tide was 
found to be three feet A cursory examination of the plates showed that 
this inequality is well marked in the high-waters, but less so in the low- 
waters ; that sometimes the day tide, at other times the night tide, is the 
higher of the two occurring in a lunar day ; further, that it vanishes a 
day or two after the moon's crossing the equator, and that it amounts 
in maximo to about three feet some time after the moon attains her greatest 



PHTSICS OF THE OLOBB. 



71 



declination. The diurnal ineqaalitj is prodnced bj the interference of 
two independent waves, the diurnal and the semi-diurnal, — the former 
depending for its size chiefly for the moon's declination. The less 
rigorous method of discussion as used bj Mr. Whewell was applied to 
the greater number of the observations, and the application of the more 
refined process by graphical separation as practised on the coast sur- 
vej was reserved for the last series. Following the first method the 
observed heights of high and low-water were laid down graphically, 
and a line was drawn bj the eye cutting ofiT the zigzags of the succes* 
give high-waters, leaving equal portions above and below the inter- 
mediate curve. These differences from the mean height were then set 
off from another axis, and those belonging to the high-water next fol- 
lowing the moon's superior transit were marked by a curve of dashes, 
those following the moon's inferior transit were marked by a curve of 
dots. These curves without exception were found to have alternately, 
as the moon has a north or south declination, positive and negative or- 
dinates in perfect accordance with the equilibrium theory, according to 
which the tide (high-water) which belongs to a south transit of the 
moon should be the greater of the two of the same day, the moon's 
declination being north ; or should be the smaller of the two, the moon 
having south declination ; when the moon crosses the equator (or 
according to experience, some time afler it), the inequality vanishes, 
the number of days by which the cause precedes the effect was found 
on the average Id. 15h. The magnitude of the diurnal inequality 
and its variation depending on twice the moon's declination was made 
oat by dividing the inequality curves into six parts between the times 
of disappearance ; the following was the result: — 



DlUBKAL iHSQUiXITT IN HsiOHT. 



Moon's deoU- 


Obfer?«d depth; 


Oomputed 




natioa. 


Ibet. 


depth; fbet. 


Epoch 1.6 


OO 


0.0 


0.0 


18 


1.4 


1.4 


dayii 


21 


2.3 


2.2 


dh=C8in2<Ji 


25 


2.5 


2.5 


C = 3.3. 


22 


2.3 


2.3 




13 


1.7 


1.5 







0.0 


0.0 
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The diurnal ineqaalitj in time I have tried to discuss by calculatioo 
and a graphical process, but owing to the fiEict that the observatioos 
were only made half hourly and at other times hourly, the irr^ularitj 
searched for could not be traced satisfactorily. It is probably not ex- 
ceeding two hours, and seems to be less in amount for the times of high- 
water than for the times of low-water, a result the reverse of that be- 
longing to the irregularity in height A similar conclusion was arrived 
at in the discussion of the tides at San Francisco, Cal., by Prof. A. D. 
Bache. The actual separation of the semi-diurnal and the diurnal 
wave has been effected graphically for the period from Oct. 30 to Not. 
22, 1853. The process may be briefly explained as follows. After the 
observations are plotted and a tracing is taken, the traced curves are 
shifted in epoch twelve (lunar) hours forward when a mean curve is 
pricked off between the observed and traced curves ; this process is 
repeated after the tracing paper has been shifted twelve hours back- 
ward ; the average or mean pricked curved thus obtained represents 
the semi-diurnal wave. On an axis parallel to that on which the time 
is counted, the differences between the originally observed and the 
constructed semidiurnal curve were laid off; this constitutes the diunud 
curve. The epoch of high water of the two curves was found nearlj 
to be coincident. 

Form of the tide wave. The shape of the tide wave has been ascer- 
tained in the manner described in art. 479, Tides and Waves, £nc7- 
clopaedia Metropolitana, and the result depends on the hourly observa- 
tions of sixty tides, thirty during spring tides and an equal number 
during neap-tides. The observed heights on the day of the syzj- 
gies and quadratures, and on the first and second day after, were 
tabulated, forming ten groups of three columns each. The time elapsed 
from low-water to the neat low-water was taken to correspond to 360° 
of phase. It was found that the spring tide wave is slightly steeper 
between low and high-water than between high and low-water, and 
that the neap-tide wave is very nearly symmetrical in respect to rise 
and fall. 

The duration of rise is 6^- 04.7"»*, hence the duration of fall, 6^ 
19.7™* The form of the wave has been represented by 

(Spring tide) 5.83 + 5.58 sin {d + 278°) + 0.20 sin (2 ^ + 281^) 
(Neap-tide) 2.42 + 2.25 sin {6 + 269°) + 0.09 sin {2 d + 2Wy 

The angle 6 counts from low-water, and the height of the wave is ex- 
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pressed in feet The agreement between the computed and observed 
shape is very close. Respecting the effect of the wind and ice on the 
tides it may be remarked that the former can only be slight, since the 
sea is protected from direct action bj its icy cover during the greater 
part of the year ; the ice crust cannot possibly affect (by friction on its 
lower surface), the progress of the tide wave, and will certainly not 
sensibly interfere (by friction on the ice-foot and breakage of the ice- 
fields) with the rise and fall of the tide. 

Progress of the tide wave. — The tide at Van Bensselaer Harbor may 
be taken as a derived tide and transmitted to it from the Atlantic Ocean, 
and in part modified by the small tide originating in the waters of 
Baffin's Bay, which latter tide however must necessarily be small, par- 
ticularly on account of the general direction of the Bay, which is very 
unfavorable for the production of a tide wave. That the tide wave runs 
up the western coast of Greenland, or in other words reaches Van 
Rensselaer Harbor from the southward, maybe seen from the following 
observed establishments : — 

HolsteiDborg, lat. 66o 66', long. 53o 42'. High-water F. & C. VP». XXX«. Spring 

tides rifle 10 feet 
Whakfish Islands, lat. 68^ 59', long. 53o 13'. Time of high^water F. & C. YIIP^. 

XV«. Highcflt tide 7 J feet. 
Godhayn, lat 69o 12', long. 53° 28'. Tidal hour IX>. Rise and fall 7 J feet. 
Upernavik, lat 72° 47', long. 56® 03'. High-water at F. & C. XIK Rise 8 feet. 
Wolstenholm Sonnd, lat. 76° 33', long. 68® 56'. High-water at F. & C. Xl»». VIII». 

Rise 7 to 7^ feet 
Van RensMlaer harbor, lat 78^ 37', long. 70<> 53'. High-water at F. & C. XI^. 

]>. Arerage range 7.9 feet 

The tidal observations at Wolstenholm Sound, taken by Capt 
Saunders, of H. M. ship North Star, 1849 and 1850, were kindly fur- 
nished to Prof. Bache, by the hydrographer to the admiralty. 

By means of the differences in the establishments of these several 
places, corrected for local time and moon's motion, and Airy's table, 
174, Tides and Waves, we can obtain an approximation to the depth of 
Baffin's Bay and Smith's Straits. Between Holsteinborg and Van 
Rensselaer I find average depth of 220 fathoms, an inferior limit ; 
between Upernavik and Van Rensselaer the average depth is near 800 
fathoms, and a similar result from a combination with Wolstenholm ; 
this latter value is perhaps a superior limit. In lat. 51° 12^, long. 52* 
8' a sounding was taken and bottom obtained with 178 fathoms. In 
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lat 59'' 48', long. 50^ 08', bottom was found with 1,817 fathoms ; in 
Melville Bay, lat 75"" 40', long. 62'' 12', bottom was found with 429 
fathoms, dark green sand. 



5. Genebal Account of the Results of Part II. of the 
Discussion of the Declinometer Observations, made at 
the girard college, philadelphia, between 1840 and 
1845, WITH Special Reference to the Solar-diurnal 
Variation and its Annual Inequality. By A. D. Bache, 
Superintendent U. S. Coast Survey. 

The discussion presented last year to the AsscKsiation embraced the 
amplitude of the solar-diurnal magnetic variation, as well as that of 
the number and magnitude of the disturbances of declination, in refer- 
ence to the eleven years' period heretofore pointed out by General 
Sabine and others. The discussion now presented, is of the regnkff 
solar-dfiumal variation and its annual inequality. The complete results 
of the computations, as in the other case, will be given in the Smith- 
sonian Contributions to Knowledge, and the present paper will contain 
merely a general account of the results. 

The normals, or means freed from the disturbances are used in ^ 
discussion, avoiding thus the necessity for rejecting the observations of 
months in which disturbances are frequent The same course is fol- 
lowed by the Bev. Prof. H. Lloyd in his discussion of the Dublin ob- 
servations, and also by Gen. Sabine in the third volume of the discus- 
sion of the Toronto observations. I therefore return to the hourly 
normals given in Part I. of the discussion, and arrange them according 
to months of the year, correcting those of 1845 for index error as al- 
ready explained. The tables given in the complete memoir show al 
one view the mean hourly readings for each month unaffected by the 
large disturbances, and the mean hourly position of the magnet in 
reference to its general mean position. The solar diurnal variation for 
each month is readily traced in the table, but the annual inequality ii 
the diurnal variation, being affected by the secular changes, is less dis- 
tinctly traceable. To give this result distinctness, each hourly normal 
is compared with the correspondmg monthly mean value, as set dowa 
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the last vertical column of the table, and the results are recorded in 
lew table. The sign -{- in this latter table indicates a westerly, and 
t sign — an easterly deflection of the north end of the magnet from 
Biean position, the scale divisions having been converted into min- 
of arc 

le distinctive features of this second table are brought out both 

[jtically and graphically. The inequality in the diurnal variation 

lost readily seen by comparing the horizontal lines in the table 

August and February, and the annual variation appears most 

ily by carrying the eye down the vertical columns for the hours of 

id 7 A. M. 

'he annual variation depends upon the earth's position in its orbit, 
diurnal variation being subject to an inequality <kpending upon the 
I's declination. The range is greater during the summer, when the 
liaation is north, and less during the winter when the declination is 
ith, and passes from one to the other about the time of the equinoxes, 
summer and winter means are therefore tabulated for comparison 
the general mean. Diagram A shows the type curves for the 
ir and winter periods and the general mean of the year. The 
imer months, April to September inclusive, give a diurnal range of 
)y 10^ minutes, and the winter months one of 5^ minutes. 
Diagram B. shows the same result in a different form, the mean 
curve of the first diagram (A.) being straightened out to form 
axis of ^tke second (B.). The curves represent the winter and 
Bommer variations, the ordinates being the difference between those of 
the yearly curve, and of the winter and summer curves respectively. 
This diagram shows very perspicuously the progress of the annual 
variation at different hours of the day. It shows that at 6 or 7 a. m. 
the annual variation is a maximum disappearing at a quarter before 10 
A. M. That it reaches a second (secondary) maximum at 1 p. m., 
nearly disappearing shortly after 5 p. m. A still smaller maximum is 
reached after 9 p. m., and half an hour before midnight the annual 
variation again disappears. At, and before and after the principal 
maximum between 6 and 7 a. m. the annual variation causes the north 
end of the magnet to be deflected to the eastward in the summer and to 
the westward in the winter. At 1 p. m. the deflections are to the west 
in summer and to the east in winter, the range of diurnal motion being 
thus increased in the former season and diminished in the latter. The 
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needle is thus deflected in the summer more to the east in the moroing 
hours and more to the west in the aflernoon hours, or has greater 
elongation than it would have if the sun moved in the equator. In 
winter the reverse is the case. The range of annual variation from 
summer to winter at Philadelphia is ahout 3', and its daily range 
about 2'.6. 

In diagram C. similar curves are given for Philadelphia, St Helena, 
Toronto, and Hobarton, of the winter and summer progress of the 
annual variation. The comparison indicates that Toronto and Ho- 
barton are not normal types of the half-yearly deflections, and the near 
coincidence of the forms at Philadelphia and St. Helena seems to show 
that the type for difierent places is one and the same in general char- 
acter affected by incidental irregularities. 

In reference to the annual variation, Gren. Sabine, in the rectificatioi& 
and additions to the last volume of Humboldt's Cosmos, expresses him- 
self as follows : — 

<* Thus in each hemisphere the semi-annual deflections concur with 
those of the mean annual variation for half the year, and consequoitlj 
augment them and oppose and diminish them in the other half. At the 
magnetic equator there is no mean diurnal variation, but in each half 
year the alternate phases of the sun's annual inequality constitnte a 
diurnal variation of which the range in each day is about 3^^ or 4', 
taking place every day in the year, except about the equinoxes, the 
march of the diurnal variation being from east in the forenoon to west 
in the afternoon, when the sun has north declination, and the reverBe 
when south declination."' 

According to the same authority, the annual variation is the same in 
both hemispheres, the north end of the magnet being deflected to the 
east in the forenoon, the sun having north declination, whereas in the 
diurnal variation the north end of the magnet at that time of the daj 
is deflected to the east in the northern hemisphere, and to the west in 
the southern. In other words in regard to direction, the law of the 
annual variation is the same as that of the diumal variation, but oppo- 
site, in passing from the northern to the southern magnetic hemisphere. 
Some interesting conclusions as to the law of change of the annual 
variation will flow from a closer discussion of the observations at the 
two hours of maximum, namely, 6 to 7 a. m., and 1 to 2 p. m. The 
general table, by subtracting the annual mean from each monthly value, 
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at tlie respective honn, gives the following valaes for the annual 
Tariation at or near the hours of principal and secondary maxima of 
range, the signs -J- and — respectively, indicating as usual westerly or 
easterly deflection from the annual mean position : — 



Jannaiy 

February 

March 

April 

May 

Jane 



6 to 7 A.M. 


1 to 2p.m. 


f 


/ 


+2.01 


—0.98 


+1.31 


—1.12 


+0.47 


—0.47 


-H).15 


+1.06 


—1.38 


+0.93 


—1.90 


+0.89 



July 

August 

September 

October 

November 

December 



6 to 7 A.M. 


1 to 2 p. M. 


/ 


f 


—1.94 


+1.25 


—2.66 


+1.31 


—1.24 


+0.82 


+1.41 


—1.14 


+1.47 


—1.35 


+2.30 


—1.20 



The greatest range at 6 to 7 a. m. is 5^0, the easterly deflection being 
greater than the westerly by VA. That from 1 to 2 p. m. is 2'.7, the 
eastern and western deflections being equaL A general inspection of 
the columns shows that the solstices are approximately the turning 
epochs of this aimual variation, and that the signs change at the time 
of the equinoxes. To determine these points with more precision the 
numbers of the table were expressed by an analytical formula. Ac- 
cording to this, January 1 and July 1 (ten days after the solstices), are 
the dates of the greatest values, and the transitions from positive to 
negative values, and the reverse will occur on the 1st of April and the 
Ist of October (ten days after the equinoxes). A table is given in the 
memoir showing the satisfactory coincidence of the observed and com- 
puted values. This result agrees with that deduced by a different 
method by Oen. Sabine. 

To give a definite determination of the law of the phenomenon, so 
as to embrace the whole progress shown by the series, the regular solar 
diurnal variation has been expressed as a function of the time, by four 
terms of Bessel's formulae, the equation being found for each month and 
also for each half year from April to September, and from October to 
March, and also for the whole year. Allowance was made in deter- 
mining the coefficients for the different weight of the readings at the 
even and at the odd hours. 

The equation for the whole year is compared with that given by 
Prof. Lloyd for Dublin. Reference is made to the monthly equations 

7* 
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deduced by Mr. Karl Ereil from a consecutiye series of observadons 
made at Prague from 1840 to 1849, and selected from a longer series 
of thirteen years. 

The following table exhibits the dose correspondence of the com- 
puted and observed mean annual value of the regular solar diurnal 
variation : — 



Phila. 
Mean 
Time. 



h. m. 

19^ 

1 " 
2 
8 
4 
6 
6 
7 



u 
a 
i< 
it 
ii 



Diornal Var^n. 



Com*d. 



/ 

—0.49 
-0.48 
—0.61 
—0.67 
—1.09 
—1.82 
—2.77 
—8.49 



Obee'd. 



f 

—0.47 
—0.62 
—0.44 
—0.71 
—1.19 
—1.64 
—2.72 
—8.47 



Difl. 



f 

—0.02 
-fO.08 
—0.07 
+0.04 
+0.10 
—0.18 
—0.06 
—0.02 



Phila. 
Mean 
Hme. 



h. m. 

8 19i 

9 " 
10 
11 
12 
18 
14 
16 



Diamal Var'n. 



Com-d. 



a 
ii 
ti 
ii 
u 
i( 



—8.44 
—2.29 
—0.24 
4.2.08 
+8.69 

.28 
8.81 

.77 



Obae'd. 



/ 

—8.60 
—2.48 
—0.19 
+2.17 
--8.66 
-.4.82 
--8.77 
+2.76 



nuL 



r 

+0.06 
+0.14 
—0.06 
+0.14 
—0.04 
+0.04 
—0.04 
—0.01 



PhUa. 
Mean 
Time. 



Diurnal Var^n. 



h. 
16 
17 
18 
19 
20 
21 
22 
28 



m. 

t( 
cc 

(C 

it 
u 
II 



GomVL 



f 

+1.71 
+0.88 
+0.88 
—0.07 
—0.88 
—0.67 
—0.62 
—0.67 



ObmM. 



/ 

+1.80 
+0.78 
+0.26 
—0.07 
—0.88 
—0.60 
—0.64 
—0.71 



DHL 



r 

+0.09 
—0.10 
—0.08 
—0.00 
—0.06 
4i>.03 
-4).0J 
--0J4 



The greatest difference at any one hour is less than 1 V^ and tbe 
probable error of any single computed value is + (/.1 9. Diagrams D. 
and E. give the resulting curves for the computed hourly values of the 
diurnal variation for each month of the year. Diagram D. contains 
the curves for the six months of the summer half year, and E. for the 
six months of the winter half year. Positive ordinates correspond as 
before to a westerly motion of the north end of the needle, and negatiYO 
ordinates to an easterly motion. Diagram F. contains the type curves 
for the summer, winter, and the whole year. 

From the computed values as given in the table, assisted by the 
diagrams, the general features of the diurnal variation and of its annual 
inequality are readily deduced. 

Tbe general character of the diurnal motion is nearly the same for 
the summer half year, for the winter half, and therefore for the whole 
year. The greatest eastern deflection is, at a mean, reached at a quarter 
before eight, a. m., being a quarter of an hour earlier in the summer, and 
half an hour later in the winter. Near this hour the declination is a 
minimum. The greatest western deflection is reached, at a mean, at a 
quarter after one o'clock, p. m., a few minutes earlier in both the sum- 
mer and winter. At this hour the declination is a maximum. The 
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diurnal curve presents but a single wave, slightly interrupted by a 
deviation occurring during the hours near midnight or from 10 p. h. to 
1 A. H., when the magnet has a direct or westerly motion. Shortly 
after 1 a. m^ the north end of the magnet moves easterly, completing 
the cycle, and arriving at its eastern elongation shortly before 8 a. h. 
This nocturnal deviation is well marked in winter, vanishes in summer, 
and is but slightly perceptible in the annual curve. 

According to the investigations of Gen. Sabine, it is probable, that if 
the effect of disturbances was completely obliterated in the results, this 
small oscillation would disappear. In summer, when it is not noticed, 
the needle remains nearly stationary from 8 p. m. to 3 a. h. The type 
carves for the whole year show a similar result The diurnal curves 
for the months when the sun's declination is north and those when it is 
south, resemble each other closely, as is shown by diagrams D. and E. 

For greater precision in regard to the epoch and amount of the diur- 
nal variation we must recur to the analytical expressions representing 
the numbers of the table. 

The following table contains the results for each month, and for the 
summer and winter seasons, and the whole year, also the critical in- 
terval between the two adjacent hours of the mean positions : — 



Month. 


Xtftem 
Elong^n. 

A.M. 


WMttm 
Elong^n. 

P.M. 


Crltlosl 

Interral 

from Min. 

to Max. 


Epoch of mean 
(toelinatkm. 


Critical 
Interral. 


A.M. 


P.M. 


January 

February 

March 

April 

May 

Jane 

Jaly 

Aagnst 

September 

October 

November 

December 


n. ID. 
8 58 
8 34 
8 07 
8 12 
7 29 
7 33 
7 36 
7 18 

7 30 

8 00 

7 54 

8 54 


b. in. 
1 27 
1 32 
1 34 
1 27 
1 21 
1 20 
1 28 
1 05 

45 

1 17 
1 08 
1 40 


h. in* 
4 29 

4 58 

5 27 
5 15 
5 52 
5 47 
5 52 
5 47 
5 15 
5 17 
5 14 
4 46 


h. m. 
10 52 
10 52 
10 46 
10 34 
10 19 
10 25 
10 30 
10 10 
9 58 
10 30 
10 16 
10 50 


n. m. 
7 08 
7 26 
7 32 

7 40 
6 57 

8 26 

9 32 
8 40 
6 45 

5 23 

6 08 
6 17 


h. m. 
8 16 
8 34 
8 46 
8 56 
8 38 

10 01 

11 02 
10 30 

8 47 

6 53 

7 52 
7 27 


Samroer 

Winter 

Tear 


7 33 

8 24 

7 48 


1 08 
1 25 
1 16 


5 35 
5 01 
5 28 


10 17 
10 40 
10 26 


7 43 

6 49 

7 08 


9 26 
8 09 
8 42 
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The formulae also give for the time of the secondarj miDimum of 
eastern declination in winter 9**- 42"*- p. m^ and for its amount — 0'.97. 

For the time of the secondarj maximum of western declination in 
winter l^*- 15-- a. M., and for its amount — 0'.26. Differences 3*»- 83^ 
and 0'.71. 

For the secondarj minimum of eastern deflectioo for the year, 10^ 
11"^ p. M^ and its amount — 0'.62. 

For the secondarj maximum of western deflection for the jear, 1^ 
13»- and ite amount — VA7. Differences 3»» 02"- and CIS. 

The effect of the season on the critical hours is well marked in the 
foregoing table, the eastern elongation occurring earliest between the 
summer solstice and the autumnal equinox, and latest abont the winter 
solstice. The western elongation occurs earliest about the autumnal 
equinox, and latest about the winter solstice, and the same holds good 
for the morning epoch of the mean declination* The afternoon epoch, 
however, occurs earliest shortly after the autumnal equinox, and latest 
shortly af\er the summer solstice. The critical hours which are most 
constant during the year are those of the western elongation and of 
the morning mean declination. The greatest difference between any 
month and the mean of all the months, is 31 minutes in the former, 
and 28 in the latter. 

To exhibit the features of the diurnal variation and its annual in- 
equality, a graphical representation is given in diagram C. The mag- 
netic surface is formed by contour lines 0'.5 apart. The curves in dots 

(....) are lines of mean position. Those in dashes ( — — ) are 

eastern deflections from the normal positions, and the full lines are 
western deflections. This diagram and the table from which it is de- 
duced are immediately applicable to the practical problem of furnishing 
the correction to be applied to a single observation made at any hour of 
the day and month to reduce it to its mean value. It also renders on- 
necessary the development of the annual variability of the coefficients 
in the analytical expression. The diagram distinctly exhibits the diur- 
nal minima and maxima, the former represented by a valley, the latter 
by a ridge on the magnetic surface. 

Next, the magnitude of the diurnal range is studied. The following 
table contains the amount of the deflection at the eastern and western 
elongation, and the diurnal amplitude of the declination for each month 
of the year derived from the equation : 
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Defleetlon at 


Dinrml 
Bange. 




DefleoUon at 


Diomal 
Range. 


But 

BIODg. 


West 

Elong. 


Bast 

Slong. 


WMt 

Elong. 


January 

Febrosry 

March 

April 

M^y 

June 


/ 
—2.46 
-2.64 
—3.73 
—4.02 
—4.89 
—5.26 


f 
+3.52 
+8.11 
+4.03 
+5.28 
+5.16 
+5.06 


f 
5.98 
5.75 1 
7.76 
9.30 

10.05 

10.32 


July 

Ai^^ist 

Sept. 

October 

Norember 

December 


/ 
—5.58 
—5.79 
—4.71 
—2.18 
—1.92 
—1.65 


r • 
+5.46 
+6.36 
+5.60 
-1-3.23 
+2.85 
+3.14 


/ 

11.04 

12.15 

10.31 

5.41 

4.77 

4.79 



The diarnal range for the summer months is 10^45; for winter 
months, 5^56 ; and for the whole year, 7^89 : all corresponding to an 
epoch about a year and a half removed from the epoch of a minimum 
of the solar period. 

The numbers denoting the diurnal range exhibit three remarkable 
features, namely, the maximum value in August, the sudden falling off 
in September and October (diagram H.), and the minimum value in 
November and December. In other respects the progression is regular. 
Tlie curve is single crested, which holds in the eastern as well as in the 
western deflections when viewed separately. This is of special im- 
portance, as it is probable that the interference of these separate curves 
at other stations chiefly determines the double crested character of the 
curves of diurnal range. The curves for Milan, Munich, Gottingen, 
Brussels, Greenwich, Dublin, etc^ for instance, exhibit two maxima, 
one afler the vernal equinox, and a second, generally the smaller, 
about the summer solstice. The system to which Philadelphia be- 
longs is exemplified by the annual progress of the diurnal range at 
Prague and certain Russian stations, as at Nestchinsk, but more closely 
by Toronto, as seen in diagram H. Neither station appears to have a 
tendency to a secondary maximum about the month of April, so that 
the maximum about a month and a half afler the summer solstice is a 
well-marked feature of the North American stations. 

In connection with the preceding discussion the inequality in the 
magnetic declination from year to year next claims attention. The 
subject presents greater inherent difficulties than the diurnal inequality, 
on account of the difficulty of keeping the instruments in precisely the 
same condition of adjustment throughout the year. In the first part of 
the discussion I had occasion to refer to this circumstance while investi- 
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gating the annual effect of the secular change, and it was then shown 
that the Philadelphia observations share in this respect a similar diffi- 
culty with other stations, in consequence of which the results must be 
received with caution.* 

In the mean monthly values of the declinometer readings and in 
their differences when compared month for month, are combined the 
joint effect of the secular change and of the annual inequality. To 
eliminate the effect of the secular change, conditional equations were 
formed which give a value, deduced by the application of the method 
of least squares of 1.227 divisions, as the monthly effect of the secular 
change.t The effect of the secular change was deduced from the mean 
monthly values, and these values themselves being subjected to certam 
corrections which the numbers show to be necessary, the foUowing 
result for the annual inequality was obtained : 



Mean declinometer readingi^ 
Correc^n for leealur change, 


Jan. 

668.8 
-4.4 


Feb. 

568.1 
-8.6 


Mar. 

568.6 
—2.8 

-0.1 


Apr. 

662.6 
—2.0 

-0.1 


May 

561.1 
-1.2 

+0.2 


Jane 

662.2 
-0.4 

-0.6 


July 

662.1 
+0.4 

-1.0 


Aug. 

661.2 
+1.2 

-0.9 


Sept. 

558.4 
+2.0 

0.0 


Oct. 

568.1 
+2.8 

-0.2 


Not. Dee. 

554.6 554.4 
+^6|+t4 


Annual raiiation in arc, 


/ 

+0.5 


+0.4 


1 ' 
+0.9 +0.7 



This result has been adopted as representing the annual vaiiatioo. 
From June to October the north end of the magnet is accordingly to 



* Dr. Lloyd's instractire note on this subject in his discussion of the Doblin ob- 
servations, is as follows : — " The determination of the annual variation is madi 
more difficult than that of the diurnal, both on account of the much smaller fre- 
quency of the period and the difficulty of preserving the instrument in the same un- 
changed condition during the much longer time, or of determining and allowing for 
Its changes when they do occur ; accordingly, although the annual period may bt 
traced in the observations of Gilpin and is decidedly dis^yed in those of Bowditcfa, 
it has evaded the researches of recent observers. There is but a faint indication of 
its existence in the Gottingen observations, which were made at the hours of 8 ▲. m. 
and 1 p. M., and Prof. Gauss and Dr. Goldschmidt find, in the analysis of these ob- 
servations, no important fluctuations dependent on season. A similar negatiTe 
result is deduced by Dr. Lamont from the Munich observations, which were madt 
twelve times a day." 

t This value, 6'. 7 of annual change, though not preferable to the value (4' .5) de- 
duced by a differeut method in Part I. of this discussion, must necessarily be em- 
ployed in the present investigation. The most reliable value 5^0 was deduced from 
independent observations, as already remarked. 
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the eastward of the mean annual position (after the elimination of the 
secnlar change), and in the remaining months of the year it is to the 
westward of this position. From the vernal equinox until after the 
summer solstice, the motion is to the eastward or retrograde in regard 
to the advance of the secular change (to the westward)'. This is in 
conformity with the law given by Dr. Lloyd in the Dublin discussions, 
the motion of the magnet there being to the westward at that period of 
the year, or the reverse of the Philadelphia deflection. The secular 
change is also reversed ; the west declination diminishing at Dublin 
between 1840 and 1843. The results for annual inequality from seven 
years of observation at Toronto are also brought out and compared 
with the Philadelphia results. The secular change at Toronto was 
2'.0, whilst at Philadelphia (1843), it was 4'.4. In regard to the 
amount of the inequality, the two stations agree remarkably well, the 
range remaining slightly below 2^ of arc It is supposed that this 
range at the same station is increasing or diminishing as the secular 
change increases or diminishes. 



6. Abstract of a Discussion of the Influence of the Moon 
ON the Declination of the Magnetic Needle from the 
Observations made at the Girard College, Philadel- 
phia, BETWEEN THE TeARS 1840 AND 1845. By A. D. 
Bache, Siit)erintendent of the U. S. Coast Survey. 

The existence of a sensible lunar eftect on the magnetic declination 
has already been established by the labors of Brown, Kreil, Sabine, 
and others. It is nevertheless important to add the weight of new 
numerical results to those already obtained. 

In the discussion of the Philadelphia observations of magnetic 
declination already presented to the Association, I have shown how the 
influence of magnetic disturbances, of the eleven year period of the 
solar diurnal variation and its annual inequality of the secular change, 
and of the annual variation, may be severally eliminated, leaving resid- 
uals from which the lunar influence is to be studied. 

Each observation was marked with its corresponding lunar hour and 
the hourly normals used for comparison. This method of treatment of 
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the subject is that followed bj General Sabine in his discussion of the 
results of the British observations. The details of the method will be 
better understood bj an example. 

The time of the moon's passage over the meridian of Philadelpbit 
(upper transit) was obtained from the American Almanac, the small 
correction for the difference of longitude being neglected. The obser- 
vation nearest to the local mean solar time of the moon's transit wss 
marked with a zero signifying the 0^- of lunar time. The time of the 
inferior transit was next obtained, and the observation nearest to it in 
time was marked 12^*. The greatest difference in interval between the 
moon's transit and the time of observation could in no instance exceed 
half an hour. In the bihourlj series, the observation nearest the 
moon's transit, or to either hour angle, one hour before or one hour 
after the transit, was marked. The mean of a number of differeooes 
for the same hours will thus give a result corresponding nearly enoogb 
with the hour. The number of observations intermediate between 
those marked 0^- and 12^* were marked with the corresponding hoar 
angle bj interpolation, care being taken to note the nearest full hour 
against each observation in the bi-hourlj series. The hourly series 
begins with October, 1843. In the case of thirteen observations within 
twelve lunar hours, the one nearest midway between the two conseca- 
tive lunar hours was omitted. 

The month of March 1842 is selected as an example of working the 
bi-hourly series, and the tables are given in the complete paper which 
it is expected will be published in the Smithsonian Contributions to 
Knowledge. 

One of the first questions to determine is, how many of these resid- 
uals must be used, to give a definite result ? and another one is, whether 
numbers deduced from different parts of the series would give harmo- 
nious results ? To test both of these, the observations were formed 
into three groups, one containing 4,900 in nineteen months of 1840 
and 1841; another, 6,715 results in twenty-one months of 1842 and 
1843 ; and a third, 10,029 results in eighteen months of 1844 and 
1845 ; in all, 21,644 results. 

The tables for the several months and for each year, showing the 
residuals for each lunar hour, are given in the complete memoir ia 
detail, as also the results of the discussion of groups I. and II. and of 
UL, in which all the observations are united. Special investigation 
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^''^O. showed that the weights were nearly proportioned to the number of 
observations, a result which indicates that no undue constant errors 
inf uence the result. 

The results of the discussions of these three groups were also 
expressed hy Bessel's formulae and treated by the method of least 
squares. Two terms of the formulae suffice to represent the observa- 
tional, and there is no constant term indicating that the moon has no 
specific constant action of deflection on the needle. The coefficient of 
the first term is small, the character of the curve depending chiefly 
upon the second term which produces a double crested curve, showing 
two eastern and two western deflections in one lunar day. The difier- 
ence in the amount of the eastern and of the western ranges depends 
upon the coefficient of the first term. The progression of the hourly 
values is systematic, and the agreement between the computed and 
observed values is satisfactory. On the Diagram B, the observed 
values are indicated by dots, and the smooth curve results from the 
equation. 

The diflerence between the curves of deflection for the eastern and 
western hour angles shown in the curve, enables us to determine the 
diurnal lunar tide, and is drawn on the plate and represented by the 
first term of (he formulas. The interference of the two curves gives 
the observed form. 

The curves all agree in their distinctive character, and show two 
east and two west deflections in a lunar day, the maxima W and E 
occurring about the upper and lower culminations, and the minima at 
the intermediate six hours. The total range hardly reaches 0^5. 
These results agree generally with those obtained for Toronto and 
Prague. From eight thousand to ten thousand observations seem to 
be required to bring out the results satisfactorily, and the best results 
are derived from the use of both groups. The principal western max- 
imum occurs six minutes after the lower culmination of the moon, 
and amounts to 0^.23. The secondary maximum occurs fourteen 
minutes after the upper culmination, and amounts to 0M8. The prin- 
cipal minimum occurs at 6^- 17™- af^er the lower culmination, the east- 
erly deflection being 0'.22. The secondary minimum at 6*^* 03™- after 
the upper culmination has a deflection of 0'19. The greatest range is 
27'^ and the secondary 22^. The epochs of the maxima and minima 

are found from the formulae to be at a mean ten minutes aAer culmina- 
VOL. xiy. 8 
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tion. The probable error of a single computed value of the lanar 
decimation is ± 1''.82. The Toronto observations gave + 1^37 from 
more than twice the number of observations, sq that the Philadelphia 
observations are worthy of every confidence. At Toronto, from the 
second investigation, embracing about forty-four thousand observations, 
the western and eastern deflections balanced, giving for the range 
SS'^.S. The Prague observations also confirm the nearly equal deflec- 
tion (mean) to the west and east. The epochs of the maxima and 
minima were found from the four roots of the equation = 0.029 cos 
{0 + 295^) -f 0.414 cos (2 ^ -f 85°) which gave ten minutes as the 
mean time elapsed between the moon's passing the meridian and the 
time of maxima of deflection. If we take the four phases into ac- 
count, the lunar action seems to be retarded ten minutes, which maybe 
termed the lunar magnetic interval for the Philadelphia station. At 
Toronto the intervals are not so regular. The secondary range exists 
there, and is also a marked feature in the Prague result 

The lunar diurnal variation seems to be subject to an inequality 
depending on the solar year, for the investigation of which the preced- 
ing results were rearranged in two groups, one containing the hourly 
values for the summer months (April to September), the other the 
values of the winter months (October to March). For the summer 
season we have 11,087 observations, and for the winter 10,557. 

In the complete memoir the tables of the hourly sums of the lunar 
variation for the summer and winter seasons are given, and the tabular 
results are expressed analytically. The curves representing them are 
shown in the annexed Diagram C. 

The characteristic feature of the annual inequality in the lunar diur- 
nal variation is therefore a much smaller amplitude in winter than in 
summer. Kreil, indeed, inferred from the ten years' series of the 
Prague observations, that in winter the lunar diurnal variation either 
disappears, or is entirely concealed by irregular fluctuations, requiring 
a long series for their elimination. The method of reduction which be 
employed was, however, less perfect than that now used. The second 
characteristic of the irregularity consists in the earlier occurrence of 
the maxima and minima in winter than in summer. The winter curve 
precedes the summer curve by about one and three quarter hours. 
Both these 'features are well expressed in the diagram C. At 
Toronto the same shifting in the maxima and minima epochs was 
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noticed, but the other irregularity in the amount of deflection is not 
exhibited. It seems probable that the Philadelphia results are more 
typical in form than those either of Prague or Toronto. 

It is also apparent that the smaller deflection at the upper culmina- 
tion in the annual mean, when compared with the deflection at the 
lower culmination, is entirely produced by the feeble lunar action in 
winter. The maximum west deflection in summer occurs actually near 
the upper culmination. At the same season, the maximum east deflec- 
tion is still retained (as in the annual curves) about six hours after the 
lower culmination. In the winter season this last-mentioned maximum 
east deflection is actually smaller of the two. We have 

Maximam sammer range Sb'f.A, secondaiy 3l'^.8 

" winter " 25.2, " 15.6 

Difference 10.2, " 16.2 

At Prague the maximum summer range was 44'^* 

Next I proceed to examine, whether the phases of the moon, the 
declination or parallax, have any sensible eflect upon the magnetic 
declination. Dr. Kreil found from a ten years' series of observations 
at Prague, that there was no specific change in the position of the 
magnet depending upon the moon's phases and parallax, but that the 
declination was 6".8 greater when the moon was at the greatest north- 
ern declination than when at the greatest southern declination. On the 
contrary, Mr. Brown, from the Makerstown observations, a much 
shorter series than the one at Prague, inferred that there was a maxi- 
mum of declination two days after the full moon. He also found a 
maximum corresponding to the greatest northern declination of the 
moon, but does not appear to have investigated the eflect of distance. 

The residuals, which we have been treating, enable us at once to 
examine these several points. 

Beginning with the lunar phases, the daily means for the day of full 
and new moon, and for two succeeding days, were compared with the 
monthly mean declination. In case any of the hours were disturbed, 
the monthly normal for the hour was substituted for the disturbed 
observation before the mean was taken. If one half or more of 
the hourly readings were disturbed, the daily mean was altogether 
omitted. Accidental omissions of hourly observations were supplied 
by the hourly normal. The half monthly normals were then com- 
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pared with the half monthly means. In the table of differences thos 
formed) equal weight is given to the bi-hoarly and hourly observations. 
The daily mean having been subtracted from the month, the positive 
sign indicates a western deflection and the negative sign an eastern 
one, as compared with the normal position. The following table con- 
tains the result : — 



Full moon, 
. Ist day after, 
2nd day after, 


Sam of 
deflectloiis. 


Number. 


Defiootioo. 




+ 11.6 

— 7.1 

— 9.3 


53 
51 

48 


d. 
-hO.22 

— 0.14 

— 0.19 


/ 
+ 0.10 

— 0.06 

— 0.08 


+ 0.07 


New moon, 
l8t day after, 
2d day after. 


— 11.5 
-h 1.5 
+ 4.4 


43 

47 
49 


— 0.27 
-1-0.03 
■4-0.09 


— 0.12 
-f 0.01 
-1-0.04 


+ 0.09 



The effect 15 very small, scarcely much beyond the probable error, but 
the table indicates that the north end of the magnet is deflected to the 
westward CM at the full and as much to the eastward at the change 
day, the range between full and new moon being 0'.2. A more definite 
result could hardly be expected from a series of observations extend- 
ing over but flve years. 

Treating the subject of the effect of the moon's variation in declina- 
tion in precisely the same manner, we obtain the following result : — 



One day before. 



XBAN DEFLBCTIOK. 

— 0^.20 from 54 days of observations. 



At noon's maxima declination, — 0.10 
One day after, — 0.09 



Mean, 



— 0.13 



One day before, — 04 

At moon's minima declination, — 0.07 
One day after, +0.14 



it 
tt 



53 
55 

162 

54 
52 
52 
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tt 



Mean, + O.Ol " 158 

The results do not positively prove a deflection of the magnet, depend- 
ing on the moon's greatest north and south declination. The amount 
resulting from the comparisons being of nearly the same magnitude ss 
its probable error. 
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A similar investigation with respect to the moon's distance from the 
earth gives the following results : — 

MEAX DEFLECTION. 

One daj before, — 0M8 fh)in 50 days of obflerrations. 

At moon's perigee, — 0.18 " 41 

One day after, — 0.00 " 59 « " 



U it li 



Mean, — 0.12 " 150 



« « n 



One day before, — 0.02 " 55 " " 

At moon's apogee, — 0.20 *' 53 " 

One day after, — 0.13 " 47 






(( i« « 



Mean, — 0.12 " 155 



« it tt 



The difference being of the same order of magnitude as the proba- 
ble errors, no conclusion as to the effect of distance can be drawn from 
them. 

I propose hereafter to extend the discussion of the moon's effect on 
terrestrial magnetism to the earth's magnetic force. 
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1. On the Combustion op Wet Fuel, in the Furnace op 
Moses Thompson. Bj Prof. Benjamin Silliman, Jr., of New 
Haven, Conn. 

In all ordinary modes of combustion, it is well known that the use of 
wet fuel is attended with a very great loss of heat, rendered latent in 
the oonyersion of water into steam. As the most perfectly air dried wood 
still contains about 25 per centum of water, according to the experi- 
ments of Rumford, the term wet fuel might seem appropriate to all 
fuels, but mineral coal and charcoaL But technically, this term is re- 
stricted to substances like peat and those residual products of the arts 
which, like spent tan, begasse and dye-stuffs, contain at least one half 
and often more than half of their weight of water. Until a recent 
period the attempt to consume these products as sources of heat has 
been attended with uneconomical results, or total failure. It is the 
object of this paper to describe a mode of combustion in which by a 

8* 
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modification in the form of the famace the combastion of wet fuel is 
not only rendered consistent with the best economical results ; hot 
which as it involves chemical reactions never before, it is believed, suc- 
cessfully applied for such purposes, is deserving of particular notice 
^m a scientific as well as from a practical point of view. 

It is a well-established fact in chembtry, that the afilnity of carbon 
for oxygen, at high temperatures is so strong, that if oxygen is not 
present in a free state, any compound containing oxygen, which hip- 
pens to be present is decomposed, in order to satisfy this affinity. This 
fact is well illustrated in the familiar case of the Blast Furnace where 
this affinity is employed to deprive the ores of iron of their oxygen m 
the process of reduction to metallic iron. 

In the first stages of combustion, in wet fuels, the chief products given 
off are steam from the drying of the wet mass, smoke or volatilised au> 
bon and oxyd of carbon, with, of course, a variable proportion of ca^ 
bonic acid and carburetted hydrogen. These products in all ordinarj 
furnaces, pass on together into the stack, carrying with them the heat 
which they have absorbed and rendered latent The problem pre- 
sented is then to recover the heat thus locked up and lost, and by the 
furnace now under consideration this is accomplished hy shutting off 
almost entirely the access of the outer air and causing the wet fuel to 
supply its own supporter of combustion drawn from the decomposition of 
the vapor of water at a high temperature hy its reaction with free carhon 
and the oxyd of carbon. 

The practical solution of this problem was first successfully accom- 
plished by the late Moses Thompson, in 1854. The controversial qoes- 
tions growing out of this invention, are entirely foreign to our present 
purpose, and in no way affect its practical or scientific value. Suffice 
it to say, in passing, that we find in this invention another instance oft 
truth already so often signalized in the history of inventions, that im- 
portant results are often obtained, of the highest value in promoting 
material prosperity and the welfare of society, by those who are guided 
in their search only by the result in view, and not by any exact knowl- 
edge of the scientific principles involved. 

Mr. Thompson seems to have been inspired with the conviction that 
if he could bring the products from the combustion of wet fuel together 
in a place hot enough for the purpose, and from which the atmospheric 
air was excluded, they wotild, as he expresses it in his patent, mutually 
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"consume taeh other." Thin notion was realized, and the reaction 
secured between Ibe elements or water and the carbon of smoke, or the 
ozyd of carbon in a part of the furnace called by the inveDtor, the 
mixing chamber. 

'Wlierevcr that place may bo situated, or bowerer constructed, the 
one essential thing about it ia, that it should be a very hot place, and 
one to which the atmospheric air can have no direct acce«a, until it has 
passed by, and through the burning fuel. It ia in fuel a retort or place 
for combination and reaction, and may be a distinct chamber or Hue, or 
only a recess or enlargement greater or less of the main furnace. 
Wherever it may be placed, or however built, it must meet the essen- 
tial conditions of a high temperature, and of atmospheric isolation. In 
this mixing chamber, then, the important chemical reaction before insisted 
on, must be set up. The vapor of water ia decomposed, furnishing its 
oxygen to the highly heated carbon to form carbonic acid, while the 
oxyd of carbon is in like manner exalted to the same condition, and 
any excess of carbon forms with free hydrogen, marsh gas or light car- 
buretied hydrogen. The vapor of water is thus made to give up not 
only its constituent elements to form new compounds with oxygen, pro- 
ducing in the change great heat, but a great part of the heat absorbed 
by the water in becoming steam ia also liberated in this change of its 
physical and chemical condition. The free hydrogen, oxyd of carbon 
and marsh gas, generated by tliis reaction among the elements of 
wet fuel, pass out of the mixing chamber over the bridge-wall bene 
the boiler where, becoming mingled with atmospheric air they bum i 
wrap the boiler in a abeet of flame, to which source of heal b tc 
added of course the very high temperature of the mixing chamber fi 
which these gases escape. 

Such is the intensity of heat in that portion of the furnace wh 
these reactions take place that only the moat solid structurea of refj 
tory fire-bricks will endure it, and the color seen throughout that j 
tion of the furnace is of the purest white. 

In view of the facts already stated, it is easy to naderstand why i 
that when the reactiona described are once set up, the admission ( 
free current of atmospheric air ahould immediately check the energ; 
the combustion and soon result in total suspension of the pecu 
energy of this furnace. The air containing only one fifth part of 
balk of oxygen gas, the active agent in &mbu8tion, the access ol 
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large a proportion of cold air — four fiflbs of which are nol only indif- 
ferent bat positively prejudi^l from the quantity of heat it absorbs, — 
it happens that the temperature of the mixing chamber is rapidly re- 
duced below the point at which carbon can decompose vapor of water, 
and the instant that point is reached the arrival of fresh supplies of 
Bteam completes the decline of energy and the furnace commenoes 
forthwith to belch forth from its stack dense volumes of smoke and 
watery vapor. When in proper action not a particle of smoke is 
visible from the stack of a furnace in which wet fuel is burning, and 
what is more remarkable, the reactions are so evenly balanced that no 
wreaths of watery vapor are observed, while in the earlier stages of 
combustion before the proper temperature in the mixing chamber is 
reached, both these products are seen in great abundance. 

DESCBIFTION 01- THE FUBNACBS. 

lit. Fumace/or comhutlion ofwH Ian, sawdust, 4*. 

Fig. ], is a horizontal section of a furnace constructed according to 

the specilicaiions of Thompson's first patent (issued April 10th, 18a5). 

Fig. 2, is a vertical section of the same in the line x y, of figure 1, 

Pia. 1. 



Similar letters indicate corresponding parts in both figures. 
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The fbrnace shown in these figures has three square or oblong fire 
chambers, A, A', A\ side by side, experience having shown that not 
less than three compartments are required to secure the best results in 
the practical working of the furnace, although in some cases two may 
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suffice, but frequently more than three are desirable. The fire cham- 
bers are furnished with grate bottoms By Bf^ B\ of fire bricks, and are 
arched at top. Each chamber has a door in front, for lighting and 
tending the fire. The opening is seldom used after the furnace is once 
set in action. The wet fuel is supplied through the opening D at top* 
E is an opening at the back of each chamber leading to the fiue F^ or 
the mixing chamber. This opening may be provided with a damper 
Ky which should be of fire-clay ; if of iron the intense heat soon destroys 
it. Each chamber has a separate ash-pit G with its opening H, This 
although called an ash-pit serves a most important purpose in the econ- 
omy of the furnace as a receptacle for the burning coals which con- 
stantly fall into it from the lower part of the wet mass above, as will 
be more particularly explained beyond. 

If the furnace is used for generating steam the best place for the 
boiler is over the fiue L The inventor remarks in his first patent that 
the current from the mixing chamber in passing to the place of use, in 
the case of burning wet tan, or other very wet fuel, should descend or 
pass under a bridge to the place of use equal to about one half of the 
depth of the burning chamber between the grate and the crown, then 
rise to the place of use. In case of dry, or nearly dry fuel, such as 
green wood and sawdust, the current should rise immediately afler 
leaving the burning chamber to the place of use. 

The mode of conducting the operation of the furnace is as follows : 
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fires being lighted ia all the fire chambers with dry fuel, aod llie 
masonry heated to a high degree, two of the three chambers A A' an 
fed with wet fuel and have their ash pita closed. The other fire cham- 
ber is kept in action by dry fuel (its ash pit door being proportionallj 
Ofien) until the process of combustion seta in over the surface of the 
pile of wet fuel resting on the grates of (be other furnaces. As Eoqn 
as this ia the case, wet fuel is added by degrees to the third fire cham- 
ber, the ash pit door being at the same lime closed. If things have 
been properly managed so fer, the process will now continue by the 
addition of new portions of wet fuel to each furnace in succession, or 
alternately. The temperature of the mixing chamber F is now seen 
to be of the most perfect whiteness, and not a visible particle of smoke 
iasues from the stack. 

Before discussing this process more in detail, let us first consider the 
inventor's description of his furnace as designed more particularly for 
the consumption of begasse or crushed cane stalks. 

2, Furnace for Combttstion of Wet Cane Begaue. 

Fig. 3 is a sectional side view, the interior and exterior form of (he 

Fio. 3. 



furnace, and its several parts according to the speinfications of Thomp- 
son's patent of Dec. 15, 1857. 



Fig. 4 is a Tront sectional ricw of the eame, Bhowing the combin 
ion of two double furnaces. 



Fig. 5 b a horizontal view of the grate and its relation to the mix- 
ing chamber ^and flue F. 

Via. 5. 
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Here let the inyentor speak for himself in the language of the 
patent last named. 

" I build two furnaces side by side, each nearly square in its horizon- 
tal section. Towards the top I draw in the wall in such a manner as 
to form a kind of dome with a sufficient opening at top to feed the 
begasse. The outer walls of these furnaces should be from twenty-fonr 
to thirty inches thick, and built with a special view to rendering them 
non-conducting, the wall near the top, and the partition between the 
two furnaces may be thinner. In each furnace chamber there should 
be a partition of fire brick extending across it from front to back and 
rising nearly to the top, dividing it into two nearly equal parts. The 
whole interior of the furnace should be of fire brick. The main chamber 
of each furnace should be divided into two parts — upper and lower — 
by a fire brick grate about one fifth the height of the furnace abore 
the hearth, the back end of the grate being a little lower than the front 
The bottom of the lower chamber may be a grate with an ash pit, but 
a hearth is much better. 

" In each furnace at the front, on each side of the central partition 
and immediately under the front end of the grate should be doors for 
feeding wood or other dry fuel, and directly under these doors at the 
hearth of the lower chamber should be draught openings capable of 
adjustment to support combustion in the lower chamber. 

'^ Extending across the back of both furnaces, and opening into both 
by fiues, is a mixing chamber, into which all the gases from both fur- 
naces enter in a highly heated state, and mix and consume each other 
on their way to the boiler and stack. This chamber should be about 
one half the capacity of all the fire chambers, and it should extend 
down about as low as the back end of the grate. The fine through 
which the products of combustion pass out of this chamber and under 
the boiler should be in section about one square foot to forty cobic feet 
of mixing chamber. 

"The feed openings at the top of the furnaces should be closed by 
doors which open inward by the weight of the feed, but are self-closiug, 
and do not yield to pressure from within. 

**The sides of the interior of the upper or wet fuel chamber or dry- 
ing chamber of the furnace, except the front and back, are corrugated 
up and down, as also the sides of the central walls or partitions, as 
shown by the dotted lines in Fig. 4, the corrugations extending down 
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to the grate ; these corrugations are for the purpose of allowing the 
heat to radiate upwards from the fire chamber for heating the masonry, 
and the wet charge, while the gases or vapors driven out of the wet 
charge by the heat are allowed to descend to the fire chamber or the 
mixing chamber. If the surfaces of this masonry were smooth, the 
bagasse would lie against them in such a manner as to obstruct the 
upward radiation of the heat, and the downward passage of the 
vapors. 
^ These corrugations are unnecessary in burning tan and sawdust 
^ The spaces between the grate bars for burning bagasse should be 
about six inches wide for the finest grinding, and twenty inches for the 
coarsest, and should vary between these widths according to the fine- 
ness of grinding, but for sawdust and tan much less, say from one inch 
to three fourths of an inch. The grate should be made of fire brick. 

** The operation of my furnace is as follows : A hot fire of dry fuel 
is kindled in the lower or fire chambers of the furnaces, and after it 
has been continued till the masonry is well heated, the chamber above 
the grate is fed with the begasse or other wet fuel. This hot fire in 
the fire chamber, especially towards the front of it under the principal 
mass of the wet fuel, must be preserved throughout the operation. 
The heat from the masonry and the fire chamber will be communicated 
to the wet fuel which will cause steam and other gases to issue from it 
and mix with the intensely hot gases of combustion from the fire cham- 
ber, and in a short time the mixing chamber will present intense com- 
bustion and heat, the dampers of the fire chambers being partially 
dosed. The lower part of the wet charge will by degrees become dry 
and charred, and will fall through the grate prepared as above unto the 
fire chamber, and supply or nearly supply the place of other dry fuel 
in preserving the fire in this chamber, and the wet fuel being from 
time to time supplied, will furnish in a highly heated state aqueous 
vapors, which descending through the corrugations and otherwise into 
the fire chamber and mixing chamber, will be decomposed, furnishing 
much oxygen to the fire, and supply the oxygen necessary to combus- 
tion of all the combustible gases issuing from the chamber. If, by acci- 
dent, the fire in the lower part of the furnace should predominate, the 
draught should be diminished, and more wet fuel added, and, if by acci- 
dent, the fire in the fire chamber should become too much cooled down, 
the draught should be let on, and any deficiency of dry fuel should be 

VOL. XIV. 9 
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supplied to the fire chamber. Under proper management^ little or no 
drj fuel need be fed to the fire chamber after the operation is fairlj 
commenced, the charred matter falling through the open gate will snp- 
plj its place ; and the caloric thus produced by the combustion of wet 
fuel, will be vastly greater than irom the same quantity by measure <tf 
the same fuel when dry. In the fire chamber, and in the mixing cham- 
ber, under intense heat, the carbonaceous gases will decompoee the 
steam from the wet fuel, and effect complete combustion. 

^ When the operation is fairly commenced, if the water in the wet 
charge amounts to say fifty per cent by weight of the fuel, the dampers 
of the fire chamber should be nearly or quite closed to exdude the air; 
vapor from the wet charge will then descend through the oormgatioDS 
and otherwise into the fire chambers and support the combustion thers- 
in, while other portions of the vapor will enter the mixing chamber and 
complete the combustion there. If the fuel, however, contains madi 
smaller quantities of water, more air in proportion should be admitted 
at the damper, the object being to admit no more air than will supply 
the deficiency of the vapor. 

" In the drawings, D represents the chambers for the dry fbel, W 
those for the wet, M the mixing chamber, the dotted line m in Fig. 3 
limits it for the wettest bagasse, P the partition, F the feed openings 
for the wet fuel with their doors, B the boiler, h the bridge. Little if 
any of the boiler should extend over the mixing chamber. If any con- 
siderable portion of the mixing chamber is covered by the boiler ils 
cooling infiuence will prevent the decomposition of the vapor and de- 
feat the object of my invention. Great care should be observed in 
giving proper dimensions to the mixing chamber, for the perfection of 
the combustion and the efficiency of the furnace depend greatly upon 
it The principal object of this chamber is to give the combustible 
carbonaceous gases from the fire, and the aqueous gases from the mass 
of wet fuel an opportunity of mingling together in such a manner and 
under such circumstances that the aqueous vapor will be decomposed 
by the carbonaceous gases, and its oxygen given out to complete the 
combustion of the carbon, without the introduction of air into the mix- 
ing chamber, thus saving the caloric previously communicated to the 
wet charge, while drying it and charring its lower portions, and avmd- 
ing the cooling infinences of cold air. This can take place effectually 
only in the presence of a high degree of heat and in the absence of a 
supply of free oxygen. If this chamber be too small to receive these 
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gases as fast as the furnace is able to produce them the operation will 
of course be choked and impeded. If the chamber is larger than can 
be kept densely filled with these gases, of course atmospheric air will 
be found there at the commencement, and will continue to find its way 
into the chamber, and while atmospheric air is present, the carbon- 
aceoc^ gases will take their oxygen from that source principally in* 
stead of decomposing the steam, and the heat in the chamber will be 
much diminished and the large quantity of nitrogen (f ), contained in the 
air, which is neither combustible nor a supporter of combustion, will at 
once greatly increase the volume of gases to be sent forward to the 
stack and proportionably decrease its temperature; and when the 
chamber becomes very large the cooling infiuences become so great 
that combustion will immediately cease, and smoke mingled with steam, 
oxygen, and nitrogen, will go forward, thus wasting the fuel and impart- 
ing only a faint degree of heat to the boiler. 

^ I have therefore fixed the size of the mixing chamber by many 
careful experiments — and that given above will produce the desired 
effect with wet bagasse. For dryer fuels furnishing less vapor, the 
mixing chamber should be propoAionably increased in size to supply 
the deficiency with air^ and to effect complete combustion. Bules more 
precise would be inconsistent with the nature of the subject. 

*^ A large and hot fire should always be preserved in the fire cham- 
ber below the grate, and directly under the charge of wet fuel, for the 
purpose of driving the vapor out of it and charring its lower portion — 
and the grate is left much more open than in furnaces for burning dry 
fuel of the same size, for the purpose of allowing the charred portions 
of the wet charge to fall through to supply fuel for this fite as fast as 
it becomes fit for that purpose, thus consuming the mass with little or 
DO expenditure of other fuel 

^ What I claim as my improvement in furnaces for burning bagasse 
and other fueb too wet to be conveniently burned in the usual way and 
well known ways, is : 

^ First, the combination of two chambers, the one above the other, 
and separated by a grate, the lower one for the combustion of any 
known dry carbonaceous fuel, and the upper one in immediate prox- 
imity therewith to receive heat therefrom for heating and drying the 
charge of wet fuel, with a mixing chamber, into which boUi continu- 
ously and simultaneously discharge their gases before reaching the 
thing to be heated, for mingling and mutual combustion. 
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*^ I also daim in combination with said fire chamber and wet fiid 
chamber, or drying chamber, making the grate npon which the wet 
. charge rests sufficiently open to allow the lower portion of the wd 
charge as it becomes dried and charred to fall through into the fire 
chamber and keep a hot fire therein, supplying the place of other diy 
fuel, while the uncharred portions of the wet fuel are properly supported 
by the grate till dried as described. 

'^ I also claim placing the mixing chamber for combustion in substan- 
tially the same position described relatively to the fire, and the wet 
charge, so that the products of combustion from the dry fuel may pa^ 
along the lower part of the wet charge, drying and charring it on their 
way to the mixing chamber, and reach it without b^g in any conger- 
able degree obstructed or cooled by the wet charge substantially as 
shown. 

'< I wish it distinctly understood that I make no daim to any of the 
parts or combination above spedfied except in their application to tbe 
preparation and combustion of wet fuels." 

It will be observed that in this mode of combustion the wet fud is 
subject to a constant process of distillation by the fire in the ash-pit 
The products of this distillation react on each other in the mixing cham- 
ber in tbe manner already described, while at the same time a pordoo 
of watery vapor is decomposed in the ash-pit. 

Theoretically no more heat can be generated in this mode of com- 
bustion than is consumed in the transformation of water into steam and 
the conversion of fixed into volatile products. But it is by no means a 
matter of indifierence whether the oxygen requisite for complete coat- 
bustion is drawn from the atmosphere or is derived from the decom- 
position of water by carbon and its oxyd. In the former case, not only 
is there a great loss of heat carried away by the inefficient nitrogen of 
the air, but the diluted oxygen can never produce so intense a heat 
with the carbon as is the result of the reaction of the nascent oxygen 
with that element Although Mr. Thompson was no chemist, he did 
not fail with his natural acumen to perceive this advantage, and in his 
earliest patent he remarks : '' Afler ample experiments I have discov- 
ered that any results that can be produced by the use of dry fud are 
inferior (to those obtained from my process) in proportion to the quan- 
tity used, and that results like mine can only be obtained by the use rf 
wet fuel ... fed into an intensely heated chamber : under such cir- 
cumstances the water in the fuel in presence of the carbonaceous sub- 
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stances in the furnace will be decomposed, giving its oxygen to the cai^ 
bonaceous matter, dispensing with a draft and its cooling and wasteful 
influence, and rendering the combustion so perfect that no smoke is 
visible." 

Although this mode of combustion of wet fuel is now in use on many 
sngar plantations in Louisiana, and in some tanneries of Pennsylvania 
and New York, no notice of it has, so far as I am aware, appeared in 
the scientific journals. I am not without personal experience of its 
operation on a large scale, having in 1857 enjoyed the opportunity of 
studying carefully the management of one of Thompson's furnaces in 
three compartments (similar to Figs. 1 and 2), built for the combustion 
of wet peat That fuel contained over seventy-five per cent of its 
whole weight of water, and was too wet for the best results. But with 
the use of one fourth part of dry wood, even this extremely wet and 
otherwise valueless fuel was rendered efficient, three cords (of 128 
cubic feet) of wet peat and one cord of dry wood domg the work of four 
cords of dry wood in driving a steam boiler. 



2. FuBTHER Remarks on Numerical Relations between 
Equivalents. By M. Caret Lea, of Philadelphia, Penn. 

Lr papers on this subject published in the January and May numbers 
of Silliman's American Journal for the present year, I endeavored to 
show that a large number of so-called elements could be arranged in 
seriated groups, the members in each series differing from each other by 
a common quantity, in most cases the number 44 or one approximating 
to it I endeavored to show that not only were these groups natural 
groups, but that the chemical properties of the members of each group 
corresponded in many cases with their position in it These observa- 
tions seemed to fisivor the view at present gradually gaining ground^ 
that those bodies which we have as yet failed to decompose, we have 
not proved to be elementary. 

An interesting and elaborate paper by Gustav Tschermak, published 
in the Proceedings of the Academy of Science of Vienna, and ex* 
tracted in an abridged form in Knop's Centralblatt (July 4, 1860), on 

9* 
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the subject of the law of volumes of liquid chemical oompounds, affords 
a support to the views above expressed, from a new source. The author 
therein shows that many of the substances usually classed as elements 
comport themselves in the physical properties exhibited by their com* 
binations as compound bodies, and that it is possible from these physical 
properties to determine (hypothetically) the number of ^'physical'' or 
absolute atoms which he supposes to be contained in a chemical atom 
of such body or pseudo-element He endeavors to show that it is pes* 
sible to calculate the specific gravity of a liquid from its atomic weight 
and the number of simple (chemical) atoms in its compound molecule, 
as data, but that the results lead to the immediate inference that eadi 
chemical atom contains, with few exceptions, several physical atoms. 

For particulars of his theory I must refer to the original paper, hot 
some of his results are as foUows : — 

Phyikal atoms to ttuek ohMnWl atom.* 

O (0 = 16) 2 

S (S = 32) 4 

F 2 

a 4 

N 2 

P 4 

As 5 

Sb 6 

If now we arrange the first six of these substances in paralld series 
we shall find 

Atomic weight. Fhjikil atoos. 

Solphar 32 4 

Oxygen 16 2 

I>tflfereaoe . 16 Difference . • 2 

Chlorine 35.6 ..... 4 

Flaorine 19 2 

Difibrence . .16.5 Difference . . 2 

Phosphonu .... 31 4 

Kitrogen 14 2 

Difference . .17 Difference . . 2 

* These nnmbers are taken from the table of mean numbers, p. 50S of CentraIbUtt» 
and are those snbseqnently nsed by the anthor for determining the "phjsicsl 

atomic weights " =— . 
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Thos a common difference in each case amounting to 16-17 corre- 
aponcU with a difference of two of the phjsical atoms into which 
Tachermak divides the chemical atoms. 

If now we put O = 2o, CI = 2cl, P = 2p, the approximate differ- 
ence between S and O, CI and F, etc^ (16-17) = 2A', the difference 
(48) between S and Se == A*^ and the difference (44-45) between the 
terms of the nitn^en series = A, we can express the whole of three 
important series in terms of these six quantities, so that at one and the 
same time both the namerical value of the atomic weights and the num- 
ber of Tschermak's phjsical atoms shall be correctly expressed. 



A. Oxjgen groap. 

Oxygen . 
Salphar . 
Seleniom . 
Telluriam 

B. Chlorine groap. 

Flnorine . 
Chlorine . 
Bromine . 
Iodine 
C« Nitit^en group. 
Nitrogen . 
Phovphorns 
Arsenic 
Antimonj 



Symboli. 

02 • • 

02 A' 2 

oa A' 2 A" . 

02 A' 2 A''2 

flj A'2 

fl2 A'2 A . 

^2 A'2 A2 



Ho 

"a A'2 



A'2 A 



02 A'2 Aa 



At. weights. 

16 . 

32 . 

80 . 

128 . 

19 . 
85.5 
80 . 
127 . 

14 . 

31 . 

75 . 

120.3. 



PbjtlMl atooM. 

. 2 

. 4 

. 5 

. 6 

. 2 

. 4 

. 5 

. 6 

. 2 

. 4 

. 5 

. 6 



In which table the number of radicals by which the chemical atom 
of each body is expressed, corresponds with the number of Tscher- 
mak's physical atoms, while their numerical value is equal to the 
atomic weight of the body. 

Thus tellurium o^A^aA*^ would have two each of three radicals, in 
all six, agreeing with the number of physical atoms assigned to it, 
while their value 2X8 + 2X8 + 2X^8 = 128, at wt of tellu- 
rium. 

These observations of Tschermak, taken in connection with the 
numerical relations which exist between atomic weights, give rise to 
Very interesting results, and if the conclusions which he arrives at from 
his experiments should be confirmed, they cannot fail to exercise a 
very important influence on the progress of chemical science. 



104 ▲. MATHEMATICS AND PHTSICS. 



8. Note on Sottrces of Error in the Emplotment of Picric 
Acid to detect the Presence of Potash. By M. Caret 
Lea, of Philadelphia, Peon. 

Picric acid enjoys a high reputation as a test for potash. Employed 
in its alcoholic solution, or as soda or ammonia salt, sometimes as mag- 
nesia salt, it gives with potash solutions a dense yellow crystalline pre- 
cipitate. If the solution containing potash be very dilute, the precipi- 
tate may not make its appearance till after some hours' repose, and it 
then forms long delicate needles. 

Rose remarks that this reagent ''is even more sensitive than the 
solution of chlorid of platinum.'' In his summing up, he observes, that 
of the various reagents, chlorid of platinum, tartaric acid, picric add, 
perchloric acid, sulphate of alumina, and hydrofluosilicic acid, the latter 
is insufficient to distinguish between potash and soda; and that the 
chlorid of platinum and sulphate of alumina give the same reactions 
with ammonia as with potash.* No qualification is made with respect 
to the certainty of the indications afforded by picric acid. Plattner 
makes the same observation as to the greater sensitiveness of picric 
acid compared with bichlorid of platinum and equally without qualifi- 
cation as to its reliability.f 

I therefore believe that the remarkable insolubility of otherwise 
soluble alkaline picrates in alkaline solutions has not been before pointed 
out. If an alcoholic solution of picric acid be poured into a solution of 
carbonate of soda, it occasions an immediate dense yellow precipitate, 
not to be distinguished in appearance from a precipitate of picrate of 
potash, and liable to be mistaken for it with the greatest facility. The 
picrate of soda formed in the case just mentioned is the most soluble 
of all the alkaline picrates, and a priori we should not expect to find it 
precipitated under these circumstances : an aqueous solution of picrate 
of soda added to one of carbonate of soda acts in precbely the same 
manner. 

To ascertain if these reactions were extended to various compounds 
of picric acid, examinations were made which gave with the following 
results : 

* Rose, Handbach der Analytischen Chemie, 1' Band, 6-10 S. 
t Plattner, die Frobirkonst mit dem Lothrohre, 3d Ed. p. 178. 
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Alcoholic solution of picric acid added to 

solution of carbonate of ammonia, gave an immediate dense yellow 

crystalline precipitate. 

** carbonate of soda gave not so instantaneous a precipitate, 

but one which afler standing became even more dense. 

Aqueous solutions of picrate of soda gave with 

solution of carbonate ammonia, ^ 

sulphate of ammonia, [ abundant precipitates. 

carbonate of soda, ) 

phosphate of soda, slight precipitate. 

Aqueous solution of picrate of ammonia gave with 

solution of carbonate of ammonia, \ 

^ sulphate of ammonia, > abundant precipitates. 

^ carbonate of soda, ) 

^ phosphate of soda, none. 

Aqueous solution of picrate of magnesia gave with 

solution of carbonate of soda, ) u j x • "^ * 

^ . r abundant precipitates. 

" carbonate of ammonia, ) 

When the alkaline solutions to be tested are otherwise than very 
dilute, there is absolutely no difference in the appearance of the precipi- 
tates. When the amount of precipitate is small, the following differ- 
ences may be observed : 

The potash precipitate forms longer needles, and when these are 
formed only afler standing, or when the precipitate is redissolved by 
heat and allowed to crystaUize by slow cooling, they exhibit a beautiful 
play of red and green colors. • 

The soda salt is of a h'ghter and brighter yellow than either the pot- 
ash or ammonia salt. Its needles are also shorter than those of either 
of the other compounds, and when the precipitate has been redissolved 
by heat, and allowed to crystallize by slow cooling, they tend to 
agglomerate themselves together in spherical masses. This is a very 
marked character, and when exhibited, is unmistakable, but is not al- 
ways shown. 

The ammonia salt when slowly crystallized in quantities is very dis- 
tinct in appearance from the potash salt, but when thrown down in small 
portions, even by slow crystallization, cannot be distingqished from it 
with certainty. The prisms are flatter, but these differences are not ap- 
parent in very slender needles. The play of colors which the ammonia 
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salt exhibits to a less degree than the potash, disappears entirelj in the 
soda salt. 

The above reactions indicate that extreme caution must be used in 
employing picric acid as a test for potash. The precipitates above de- 
scribed do not redissolve in any excess of the picrate, or of picric acid ; 
nor is it to be supposed that concentrated alkaline solutions are neces- 
sary to cause them — on the contrary, in many cases, very dilate ones 
are sufficient. To determine within what limits such reactions are 
produced, the following trials were made : 

A. Dilution of the alkaline solution. Limits obtained : 

(I). With carbonate of soda, 

A solation contaiDing five per cent, anhydrous carbonate of soda gave 
with alcoholic solation of picric add, an immediate abundant precipitate, in 

ten minutes the tube could be inrerted without spilling the contents, 
with solution picrate of soda, an immediate precipitate becoming in the course 
of an hour a veiy dense one. 
A solution containing 2} per cent, carbonate of soda gave 
with alcoholic picric acid, a slight precipitate increasing veiy much by standings 
so that after eighteen hours the tube could be inverted without spilling 
the contents, 
with picrate of soda, none. 
A solution containing one per cent. cariK>nate of soda gave 
with alcoholic picric add, slight precipitate after eighteen hours' repose, 
with picrate of soda, none. 
(II). With sulphate of ammonia. 

A solution containing five per cent, anhydrous sulphate ammonia gave 
with alcoholic picric add, immediate dense predpitate. 
with picrate soda, immediate dense precipitate, 
solution containing 2} per cent sulphate of ammonia gave 

with alcoholic picric acid, immediate dense predpitate. 

solution containing one per cent, sulphate of ammonia gave 

with alcoholic picric add, immediate dense predpitate. 

solution picrate soda, immediate slight predpitate. The solution on stand- 
ing gave a beautiful crystallization of long needles with bright play of 
colors, exactly resembling the reaction of potash salts, 
picrate of magnesia, by long standing, a very faint predpitate. 
picrate of ammonia, none, 
solation containing ^^77 anhydrous sulphate of ammonia gave 

with alcoholic picric add, after a short interval, an abundant predpitate. 
solution containing -g^j^ anhydrous sulphate of ammonia gave 

with alcoholic picric acid, after a short interval, a considerable precipitate, 
solution containing jjfcn anhydrous sulphate of ammonia gave 
with alcoholic picric add, no predpitate, even after twenty-four hours' repose. 
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B. Limits obtained with respect to indications of dilated solutions of 
alkaline picrate. 

A solation of picrate of ammonia in 200 parts water gave — ^with an eqnal volome 
of strong solation of carbonate of ammonia, an immediate precipitate of smaU yel- 
low needles — in ten minntes, a considerable qoantitj settled at the bottom of the 
yeaael, 

A solation of same salt in 400 water gave with an equal volume of solation car- 
bonate of ammonia, signs of a precipitate in a few minates, and after some honra 
an appreciable quantity settled at the bottom of the vessel. 

With one part picrate of aomionia in 800 water no precipitate was produced 
bj solation of carbonate of ammonia, even after twenty-four hoars' repose. 

The conclusion to be drawn from these results is, 

That alooholic solution of picric acid or aqueous solution of picrate of 
soda will produce a precipitate in almost any alkaline solution, whether 
of soda, ammonia, or potash, except nnder circumstances of great dilu- 
tion, espedallj if allowed to repose for twenty-four hours. 

That picrate of ammonia and picrate of magnesia give the same re- 
sults, but in a less degree. 

That picric acid is therefore wholly unreliable as a test for potash ; 
the results obtained being such as would tend altogether to mislead 
those who are not eztremelj &miliar with the appearance of the pre- 
cipitates, and that in some cases the results are so deceptive that even 
ejes most familiar with these reactions might be deceived ; for example, 
in the result obtained above by testing a solution containing one per 
cent sulphate of ammonia with solution of picrate of soda. In this case 
a crystallization of picrate of ammonia was obtained perfectly simulat- 
ing that of the potash salt. 

Picric acid is in fact a better test for soda than for potash, because 
with a soda solution it gives a precipitate which redissolved by heat 
generally (but not always) gives a characteristic spherically radiated, 
bright canary yellow crystallization, whereas the precipitate obtained 
from a potash solution can never be positively distinguished by its ap- 
pearance from that afforded by an ammonia solution, and we have just 
seen that a solution containing ^^^ of sulphate of ammonia or even le-sSi 
is capable of producing such a precipitate. 
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4. On the Production op Ethtlamine bt Reactions of the 
Oxt-Ethers. By M. Caret Lea, of Philadelphia, Penn. 

While engaged in making a series of experiments on this subject, 
I met with the paper of Juncadella * and the observations of De Clei^ 
roont t on the same subject. Finding that it has less noveltj than I 
supposed, I merely offer here one or two of the results which I have 
obtained. 

Kitrate of ethyl C^ H^ O, NO^ heated in sealed tubes with chloride of 

H 7 

mercuranmionium 8 C N CI for many hours in the water bath did 

Hg> 

not appear to react upon it. Kept for some time in a boiling saturated 
solution of chlorid of calcium, the tubes, although extremely thick green 
glass combustion-tube of small calibre was used, exploded with great 
violence, shattering the vessel in which they were contained, although 
they had been wrapped in strong cloth. 

Nitrate of ethyl heated in a sealed tube with chlorid of zinc-ammo- 

H ^ 
8 >• N CI in the water bath, does not appear to act upon it 

Nitrate of ethyl heated in the water bath in a sealed tube with car- 
bamate of ammonia NH^ O, NH^ C^ Og dissolves the salt On cool- 
ing, radiated crystals form. The contents of the tube evaporated to 
dryness with excess of chlorhydric acid, and then exhausted with 
ether, to which a few drops of strong alcohol have been added, yielded 
a solution which gave a chamob colored precipitate with bichlorid of 
platinum, consisting of chloroplatinate of ethylamine. 

-1185 gm. substance gave *0465 metallic platinum corresponding to 
39*25 per cent ; theory requires 39*29. 

The product was but smalL Probably portions remained undis- 
solved by the ether. No doubt portions of di-ethylamine and tri-ethyla- 
mine are also formed in the above reaction, in the same manner as in 
those of the halogen ethers with ammonia. 

* R^p. de Chimie pure, Tome 1, 273. f Ibid. 274. 
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5. On the Optical Pbopebties of thb Picrate of Manganese. 
By M. Cabet Lea, of Philadelphia, Penn. 

Brewsteb and Haidinoeb have described a remarkable property 
possessed by certain crystalline surfaces, of reflecting, besides the ray 
normally polarized in the plane of incidence and reflection, another 
ray, polarized perpendicularly to that plane, and differing from the 
former in being colored, a property rendered more conspicuous by the 
&ct that the color of the ray so polarized abnormally is either comple- 
mentary to, or at least quite distinct from the color of the crystal 
itself 

I find that this property is possessed to a remarkable degree by the 
picrate of manganese. This salt crystallizes in large and beautiful 
transparent right rhombic prisms, sometimes amber-yellow, sometimes 
aurora-red, exhibiting generally the combination of principal prism, and 
macrodiagonal, brachydiagonal, and principal end planes. In describ- 
ing this substance in a paper on picric add and the picrates,* I men- 
tioned that in a great number of specimens examined, no planes except 
those parallel with or perpendicular to the principal axis had been met 
with. Since then I have obtained in several crystallizations specimens 
exhibiting a brachydiagonal doma, but this appears to be rather 
onusuaL 

The optical properties of this salt are very interesting. It exhibits 
a beautiful dichroisuL If the crystal be viewed by light transmitted in 
the direction of its principal axis, it appears of a pale straw color, in 
any other direction, rich aurora-red in some specimens, in others sal- 
mon color. A doubly refracting achromatized prism gives images of 
these two colors, except the light be transmitted along the princi- 
pal axis of the crystal of picrate, in which case both are pale straw 
color. 

But it also possesses in a high degree the property of reflecting two 
oppositely polarized beams, and the great size of the crystals in which 
it may readily be obtained, renders it peculiarly fitted for optical exam- 
ination. If one of these crystals be viewed by reflected light while it 

* American Joamal of Sdenoe, etc, NoTember, 1858. 
VOL. XIY. 10 
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is held with its principal axis lying in the plane of inddence and reflec- 
tion, the reflected light is found to be not pure white, but to haTe a 
purple shade. Examined with a rhombohedron or an adiromatized 
prism of Iceland spar, having its principal axb in the plane of inddenoe 
and reflection, the ordinary image is white as usual, while the extraordir 
nary is of a fine purple color, the phenomenon having the greatest dis- 
tinctness when the light is inddent at the angle of maximum polarisa- 
tion. 

The experiment may be varied,/md the purple light beautifully seen, 
without the use of a doubly refracting prism, by allowing only li^ 
polarized perpendicularly to the plane of incidence to fall on the crys- 
tal ; in this case the surface of the crystal appears rich deep purple, no 
white light reaching the eye. 

This property is not possessed by all the planes of the crysUid, but 
is limited to the principal prism and brachydiagonal and macrodiagonal 
end planes, in other words to the planes parallel with the prindpal axis 
of the crystal. The brachydiagonal doma and P planes do not pos- 
sess it Nor is it exhibited by the first-mentioned planes, when the 
crystal is turned with its prismatic axis at right angles to the plane of 
inddence. 

All specimens of picrate of manganese do not possess this property 
to an equal extent. The crystals vary considerably in color, and those 
which are full red exhibit it more strongly than the amber colored. 
Picric acid boiled with aqueous solution of cyanhydroferric add and 
saturated with carbonate of manganese gives crystals of a rich deqp 
color, which exhibit the purple polarized beam particularly welL 

These properties are not possessed by the manganese salt alone, but 
also by the picrates of potash and ammonia (especially when crystal- 
lized by very slow spontaneous evaporation in prisms of sufficient size), 
and the picrates of cadmium and peroxyd of iron, — with this diflfer- 
ence, however, that while the prismatic axis of the crystal in the case 
of the cadmium and manganese salts must be in the plane of inddence, 
in the alkaline salts it must be perpendicular to that plane. As they 
all crystallize in the right rhombic system, it is probable that dther the 
alkaline salts on the one hand, or the manganese and cadmium on the 
other, are prismaticaUy ebngated in the direction of a secondary 
axis. 
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It is conveiiient that distinct phenomena ehoiild have distinct names, 
and none appears to have been assigned to this. Brewster epeake of 
has a"property of light," and Haidioger usee the word " ScMIler " for 
it. The terms dichroism, trichroism, and pUiochroism are limited to 
properties id transmitted light. I therefore suggest for that here in 
qoestion the name eatachrintm, using Ibe preposition xara in the same 
sense as in the word xaronT^t^, to reflect (as a-polished sur&ce), apply- 
ing it to express the property of reflecting two beams, one normally 
polarized in the plane of incidence, and the other polarized in a plane 
perpendicular to it. 

The chromatic properties exhibited by the picrates of anunoaia and 
potash are very remarkable in their variety. Their ciystals pos- 
sess, — 

1st. The well-known play of red and green light. If a little very 
dilute Bolu^on of pnre picrate of potash be spontaneously evaporated 
in a hemispherical porcelain basin, so as to form a network of ex- 
tremely slender needles, and these be viewed by gas light, the play of 
colors is singularly brilliant. 

2d. Dichroism. When by spontaneous evaporation of large quan- 
tities of solution of potash, or better, (d ammonia salt, transparent 
prisms of ^ to ^ inch diameter are obtained ; these, viewed with a 
doubly refracting prism by transmilted light, give two images, one pale 
straw color, and the other deep brownish red. 

3d. The above described property of eatachroism, or reflection in 
the plane of incidence of oppositely polarized beams. 
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GEOLOGY AKD PALEONTOLOGY. 

1. Geoloot of the Island of Aquidnboi:. Bj Chablss H. 

Hitchcock, of Amhersty Mass. 

Hayino been requested, in behalf of the city of Newport,* to pre- 
pare a geological map of Aqaidneck, or the island of Rhode Island, 
for the use of the members of the Association at this meeting, I would, 
in this communication, make a few observations respecting the variety, 
age, position, and origin of the different rocks found upon the island. 

There are nine different varieties of rocks represented upon the map. 
They are, 1. Granite and protogine; 2. The lowest rocks upon the 
island, consisting of talcoid grits, often largely composed of grains of 
sand and pebbles ; 3* Metamorphic slates ; 4. Conglomerates ; 5. The 
true coal measures; 6. Beds of dolomitic or magnesian limestone; 
7. Seams of serpentine ; 8. Alluvium and drift ; and, 9. Beds of coaL 
Most of these rocks were produced in the Carboniferous age. Perbape 
the lowest slates may be older, and the granite may have been formed 
during the Permian or later periods. I will describe these rocks in the 
order of their formaUon, beginning with the oldest 

1. Lower ichisU and conglomeraU$. — The only place upon the 
island where these are developed, is upon the promontory which is ter- 
minated by Sachuest Point Lithologically, the rocks are whetstone 
talcose schists, grits, and soft slates, often containing many pebbles of 
quartz and grains, so that they might be termed talcoid conglomerates. 
We noticed a few pebbles of red jasper among the constituents. This 



♦ Mr. Charles E. Hammett, Jr., of Newport, anthotised the execation of the •«> 
rey and the publication of the map at his own expense, in the month of Jane. Af- 
terwards the anthorities of the dty purchased of him 300 copies of the map for the 
members of the Association. 
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(Bid distinguishes this group of rocks from the overljing conglomerates. 
These schists have a direction of N. 20^ £. and dip to the west 45^, towards 
the coarse conglomerates at Purgatory. Cleavage and jointed planes 
are abundant in these rocks upon Sachuest Point The age of these 
strata is probably older than the Carboniferous series, though there is 
little difference in their external aspect from that of the slates west of 
Purgatory. There are no beds of coal or other fossils in them, and this 
exposure of them is an outlier isolated by denudation from the same 
strata in Little Compton. Their thickness upon Sachuest Point cannot 
be less than 1,000 feet These rocks have been more or less metamor- 
phosed, so that some of the pebbles appear like crystals of quartz and 
febpar in a crystalline schist 

2. 27ie conglomerate at Purgatory. — This group of strata consists of 
one of the most remarkable conglomerates ever described, associated 
occasionally with belts of slates, as at Taggart's Ferry. The range is 
more than a mile wide, showing itself most southerly below Purgatory, 
composing the Hanging Rocks and Paradise, and probably underlying 
the drift as far north as Sandy Point in Portsmouth. Cormorant Rock 
in the ocean is also a part of the range. There are three ridges of 
this conglomerate at its southern part, — Purgatory being located in the 
western, and the Hanging Rocks composing the eastern one. The 
piddle ridge is a hard, gritty rock. 

The conglomerate at Purgatory may be considered as the type of 
this rock. There is a ridge of naked conglomerate upon the east side 
of the small promontory lying between Easton's and Sachuest beaches. 
This ridge runs N. 80^ E. An examination of the rock itself shows it 
to be a coarse conglomerate, composed of elongated and flattened peb- 
bles, from the size of grains of sand to boulders nearly twelve feet in 
length, cemented by talcose schist or sandstone, — the cement being 
exceedingly meagre in amount The pebbles are mostly of a fine- 
grained quartz rock, often jointed in the larger nodules. Sometimes 
decomposition shows thb quartz rock to be a sandstone, and often it 
passes into mica schist and gneiss. One large pebble was beautifully 
specked with crystals of felspar. Very rare is it to find any other 
variety of rock among the pebbles. One kind that we noticed was a 
soft micaceous schist, having scattered through it small shining crystals 
of a micaceous mineral resembling adamsite. Scattered through the con- 
glomerate everywhere are an immense number of minute crystals of mag- 

10* 
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nedte. These pebbles are so arranged that their longest diameters are 
uniformly parallel to one another, in the direction N. 30^ £^ the same 
as the strata. The large drawing (reduced in Fig. a), rqwes^iti an 
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exact cop7 of the pebbles upon a surface about six hj two feet of this 
conglomerate. The pebbles are seen to be parallel to one another, and 
most of them wonderfully elongated. This is a fair sample of the gen- 
eral appearance of these rocks. Not merely are these pebbles elongated, 
but they are also flattened, as may be seen wherever joints have made 
actual sections across the strata. Still another distortion of the orig- 
inal shapes of these pebbles is seen in a cross section (Fig. b). The 
Fio. b, pebbles, as if compressed together, have accom- 

modated themselves to those positions which 
afforded the greatest freedom, — a round peb- 
ble often fits into a sort of a cap like a ball 
and socket joint, both the ball and the socket 
being separate pebbles. One pebble, (a) in 
the figure, seems to have been forced into a 
shape not at all symmetrical. These .cases are very common. 

There is another feature of this conglomerate no less peculiar than 
the shapes of the pebbles. The ridge is divided by perpendicular 
fissures or joints running east and west and parallel to one another, 
from a few inches to many feet apart Sometimes the rock between 
two of these perpendicular planes is removed, as in the excavation 
called Purgatory, This chasm runs about east and west at right an^es 
to the coast ; is frova, eight to ten feet wide, thirty-six feet deep on one 
side, and forty-four on the opposite side. It is a number of rods in 
length. To the south of this there is a smaller purgatory in process of 
formation. Dr. C. T. Jaeks<Hi says that this chasm was once filled up 
by a trap dyke, of which he found a ^ small portion remaining in the 
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south [west] end of the rent, to attest its former presence ; " and that 
die djke ^ has been worn awaj hj decomposition and bj the mechan- 
ical action of the sea below.** The sonthem extremities of the different 
ranges of conglomerate are terminated by these joints abruptlj, so that 
steep waUs arc presented to Tiew, where the bisection of the pebbles is 
seen in a striking manner. 

An examination of a single joint shows three things ; Ist The snr- 
£Aces of the rocks upon both sides of the joint are perfectly smooth, as 
if they had been glazed rather than polished by friction. 2d. The peb- 
bles are cat in two, or the larger ones into several pieces by these 
joints ; insomuch that the parts of the pebble may be taken out of the 
ledge and placed together end to end to show that they make but one 
pebble. The joints appear just as if a Titan had slashed through the 
ledges with an immense scimetar. 3d. The rock has not been moved 
since the joints were produced. Each pebble fits exactly without the 
slightest displacement, to its corresponding part upon the opposite side 
of the fissure, unless it be an occasional mass disturbed by an injected 
vein, or has been moved recently by frost or the waves. In some 
places these joints are occupied by veins of white quartz. 

These pebbles must have been distorted and elongated since their 
deposition and subsequent consolidation as conglomerate. No one ever 
sees such unnatural shapes or such a parallel arrangement of boulders 
along any shore at the present day, and there is no reason why they 
ehoold have been thus deposited in Palaeozoic times. If the pebbles 
have been elongated and curved since their deposition, then the whole 
rode most have been in a plastic or semi-plastic state after its consoli« 
datioB. Our theory in regard to the origin of the forms is, then, that 
owing to an elevated temperature — perhaps at the bottom of the 
ocean — the conglomerate became soil. Elevating agencies plicated 
the strata, and the tension produced by the curving of the strata, and 
the foroe of the lateral pressure, elongated and flattened the pebbles. 
The finer particles, or the eement, by the same process, were altered 
into taloose schist This process is essentially that of the metamor- 
phism of all the azoic rocks of New England. It but just commenced at 
this locality, so that we learn from these facts, not only the origin of 
the distortions, but the mode of metamorphism in general* 

* This f abject will be very fally developed by my father in the forthcoming 
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Probably when the rock was plastic the joints were produced bj 
feeble galvanic currents permeating the mass in consequence of the 
chemical decompositions and recompositions caused by the oonTersion 
of sandstone into schist In other words, the process may be the same 
as the origin of joints in schists or of cleavage in slates. 

The position of the strata of this conglomerate is very interestii^ 
because it throws light upon the origin of the distorted pebbles. The 
strata are a succession of small folds, — there being more than six anti- 
clinals in the whole belt of rock. The best place to examine these 
convolutions is on the shore of the point, proceeding southwest from 
Purgatory. At Purgatory the strata are rather obscure, as they are 
composed principally of large pebbles, — yet they seem to dip to the 
west in general at a high angle. An isolated ledge in the ocean east of 
the range dips to the east at a less angle. Passing to the end of the con- 
glomerate, the observer will pass over four or five similar folds, every 
one of them having the eastern slope moderate, and the western slope 
much steeper. We have never seen a locality where the folds are so 
numerous over so short a distance. Without examining the two ranges 
of hills of this conglomerate carefully, we have concluded that they are 
separate folds. Certainly there is a fold to the east of Paradise, whidi 
may be traced along the east coast of Middletown, between Sachuest 
Beach and Taggart's Ferry. 

These folds correspond beautifully to the normal curves of the Mid- 
dle States described by Professor Rogers, as well as to anticlinal axes, 
more or less all over the globe. It is an important &ct also, that 
wherever the strata have been crumpled and bent or fractured, the 
greatest amount of heat has manifested itself, either in igneous erup- 
tions, or quiet metamorphism of rocks. So here, the metamorphic 
action has been most powerful where the folds are numerous. 

There is a difficulty in comparing this conglomerate with synchro- 
nous deposits elsewhere, because of the uncertainty with resped; to 
the age of the rocks beneath, and the absence of the usual Carbonifer- 
ous limestone. It may correspond to the millstone grit of England, or 
more probably to the sub-carboniferous conglomerates of New York 



Bepoit on the Geology of Vermont. Localities of conglomerate^ even more 
altered than the example at Paigatory, are foond in the to?ms of WaUingfotd and 
Pljmoath in that State. 
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and PennsjlTania. Tet in none of those localities are there congbm- 
erates containing such immense or distorted pebbles. The parent rock 
firom which the pebbles of quartz in this belt of conglomerate were 
derived is unknown. There is a large amount of quartz rock west of 
this coal basin in north-eastern Rhode Island and the adjacent parts of 
Massachusetts, which may have been the source of some of them.* 
But more probably the original rock is now entirely worn away, or 
covered up by some newer formation^ or, still more probably, metamor- 
phosed into some azoic rock. 

There is more history in one of these pebbles than one not familiar 
with the science of the earth is apt to imagine. This pebble is a con- 
stituent of a coarse conglomerate. Of course, then, the pebble was 
once a part of a rock somewhere else ; from whence it has been torn 
and dragged unwillingly along to its new resting-place by ruthless, un- 
sparing agencies. But this pebble is itself a sandstone. Therefore 
before it was torn from this original ledge, it existed on the shore as 
sand unconsolidated. Whence the grains of sand ? They were de- 
rived from many different ledges, and have been worn and crushed ages 
before the sand was consolidated. And hence we have the history of 
these earlier ledges to trace out But it is impossible to say whether 
these earlier ledges were stratified or igneous ; whether they formed 
the original crust of the globe, or whether the cycle of formation and 
removal has been undergone at other times. But it is certain that the 
exact constituents of this pebble have been parts of ledges in three 
different geological periods. 

Similar deposits in Eastern Massachusetts. — Along the borders of 
the Massachusetts and Rhode Island coal basin this conglomerate is con- 
spicuous. Upon the east side it is found in Tiverton, R. I., Fall River, 
Somerset, Swanzey, Dighton, and Berkley, Mass. Upon the west side 
of the basin it is found in Warwick, Cranston, Providence, R. L, and 
further to the northeast in Massachusetts. Jackson says that instances 
of this coarse conglomerate may be seen all along the road fi*om Prov- 
idence to Roxbury, Mass. 



* Professor W. B. Rogers showed specimens of pebbles taken from this con- 
^omerate, as it appears at Fall "River, containing fossils of Lower Silurian age. 
This shows us the age of die rocks from which the conglomerate was derived. We 
hope the paper will be published in the Proceedings of the meeting. 
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It appears to be certain that this conglomerate overlies a gritty schist 
or sandstone, and is itself overlaid bj the various slates of the coal 
measures. Perhaps this order of succession maj assist us in comparing 
this basin with two small Palaeozoic basms in Eastern Massachusetts. 
The most distinct basin is in the vicinity of Boston, separated from the 
Newport basin by syenite* The order of succession is the following : 
Underlying syenite, Braintree slate, containing Paradoxides Harlani, 
grits, sandstones, and a few beds of conglomerate, clay slate, conglcMu- 
erate closely resembling that at Purgatory, as in Rozbury, Dorchester, 
Brighton, etc., and upon the top of the whole, the old gray wacke and 
day slates. As there are no fossils in the upper part of the Bos- 
ton basin, it may be presumptuous to suggest that the Roxbury con- 
glomerate is equivalent to the Purgatory conglomerate, and the over- 
lying rocks to the lower part of the coal measures. 

In Hingham, upon an eastern spur of this basin, the order is similar. 
First above the syenite is a slate which is lithologically the same as the 
Braintree slate, then the conglomerate, and lastly the overiying slates. 
This Hiogham conglomerate contains some immense pebbles of syenite; 
also pieces of green and red porphyries and other unstratified rocks, — 
an interesting fact to prove that the syenite is pre-silurian. 

There is a very small Palaeozoic basin in Essex county, in the towns 
of Rowley and Newbury, along Parker River. The order of rocks is 
the same as at Hingham, — a narrow strip of slate,- sometimes entirdy 
disappearing, next the syenite, then coarse conglomerate, and above ail 
the slates and schists. In this basin the rocks dip to the north univer- 
sally, and consequently they appear to dip under the syenite. But 
there is a suggestion worthy of note, which may render probable an 
inversion of the strata upon the north side of the basin. At Hingham, 
as suggested by Mr. T. T. Bouv^, the conglomerate is graduaUy 
merged at certain localities into red jasper, — as if the pebbles had 
been fused, — that is, the conglomerate rock is metamorphosed into red 
jasper and porphyry. Similar appearances occur at the south part of 
the Parker River basin, where we found it difficult at first to decide 
whether a particular rock was conglomerate or red jasper. At the 
north side of the basin there is a thick bed of jasper, and we would 
suggest that it is the result of the alteration of the conglomerate ; mast 
easily altered because of its unnatural position. On this supposition, 
the same rock is found on both sides of the basin. Perhaps the sag- 
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gestion that this conglomerate is equivalent to the conglomerate at 
Purgatory will be considered too hypothetical for belief, — yet to us it 
seems probable. 

Fio. c. 
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Sution at the south end o/Aquidneek laUmd. 

Fig. c illustrates the position of the different rocks in the south part 
of Aquidneck Island. The measurements of the strata are all upon 
the route of this section. The east end is at A, at Sacfauest Point, and 
the rocks are the lower grits and schists. Purgatory is at B, and two 
plications of the first conglomerate are exhibited in the sketch as a 
sample of the six or seven that may be found there. The schists and 
slates No. 3 are at C. At D the second conglomerate shows itself, 
terminating westward at the east end of Easton's or the '' first beach ^ 
£. At F the coal measures appear in a high bluffl At I is a bed of 
coaL The figures 1, 2, and 3 denote localities of fossil plants, to be 
mentioned hereafter. The city of Newport is at 0. At 6 is the third 
conglomerate, which occurs at Newport Neck, and is therefore a little 
out of the proper line of the section. The granite and protogme are 
represented at K. L represents silicious slate, with a few seams of 
serpentine. M M represents the beds of dolomite cropping out in the 
two islands of dolomite and near Fort Adams. Fort Adams is at N, 
where may be seen also the upper part of the coal measures dipping 



3. Sekisis and ^ates west of Purgaiory, — The conglomerates at 
Purgatory are very much contorted as they pass beneath the slates to 
the west. The transition from conglomerates to schists is gradual ; in 
fact, there are several beds of conglomerate intercalated at intervals in 
the schists. For quite a number of feet it is impossible to estimate the 
thickness of these slates, because the small flexures are so numerous, 
and the cleavage is sometimes perplexing. The section which is given 
below was measured along the shore of the point south of Purgatory, 
and will represent both the variety and the thickness of the different 
layers. The enumeration commences with the lowest stratum, and 
proceeds upwards : 
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Soft taloose schists, and a fow seams of clay slate . . . 46 ft. 8 in. 

Talcose and noracnlite schists, dip 10^ W 30 ft. 3 in. 

Conglomerate 8 ft. 

Sdiists laft. 

Whetstone schists and taloose grits, corragated by the action of the waTCS 55 ft. 6 in. 

Conglomerate 9 ft. 

Taloose schists and grits, N. 20^ £., dip 30^ W 19 ft 

Grits 37ft.6i]i. 

NoTacolite schists (a tolerably good hone^tone) 21 ft. 

Whetstone schists, dip 34^ W 17 ft. 

Grits, sandstones, black shales 4ft3in. 

Fine conglomerate and grits, dip 3P W 9 ft. 3 in. 

Whetstone schists and gray grits, dip IM^^ W. 18 ft 

Conglomerate 4 ft. 

Mica schist 10 ft 

Conglomerate containing an nnnsnal amount of talcose cement . . 15 ft 

Gray grit, dip 38® W. . . 15 ft 

Measures concealed 48 ft 

Bfica sdiist, dip 30O W 6 ft 

Soft bladL slate, dip 30^ W 3 ft. 

Light-colored mica schist, containing small grains of sand or small peb- 
bles, N. 20O E., dip 620 W 84 ft 8 m. 

The total thickness of these strata is 473 ft. 1 in. 

4. Second OanghmeraU. — Alluvial deposits cover so much of the 
island, that only a small part of the seoond deposit of conglomerate 
is exposed to view. Upon the map the coal measures are repreaented 
as surrounding the conglomerate; but this is done because the roek 
was covered with soiL We found aik excellent exposure of the diffior- 
ent layers, however, along the coast, southeast of Easton's Beach, and 
directly succeeding the slates No. 3 on the west This conglomerate is 
composed of the same materials as that at Purgatory, but the pebbles 
are much smaller, and only in a few cases are distorted <^ elcmgated ; 
and beds of grit and schists are more common. The following section 
gives the particulars, commencing at the base as before : — 

Conglomerate, dip 620 W 14ft.thidc. 

Brown grit 18 ft. 

Conglomerate and sandstone aftein. 

Conglomerate 9 ft 

BUck grit ».. 3ft. 

Conglomerate 17 ft. 

Baric gray grit 2 ft. 6 in. 

Conglomerate Sft.3in. 
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Grit and conglomerate 4 ft. 

Black slate 3 ft. 4 in. 

Grit and conglomerate 8 ft. 

Compact black slate, N. 20<' E., dip 62<' W 30 ft. 

Conglomerate 51 ft. 

Conglomerate and grit ......... 12 ft. 

Conglomerate 64 ft. 

Black compact grit, interlaced with delicate white quartz threads . 1 ft. 

Gray grit 10 ft. 

Conglomerate, N. 25^ B., dip 70o W 6 ft. 

Black grit and seams of sandstone 15 ft. 

Conglomerate 9 ft. 3 in. 

Very bard black slate, N. 25^ E., dip 420 W 9f(. 

Hard black slate, dip 48^ W 26 ft. 8 in. 

Conglomerate 10 ft. 

Measures concealed 7 ft. 

Conglomerate 18 ft. 

MieasQies concealed 21 ft. 

Conglomerate 6 ft. 

Measores concealed 48 ft. 7 in. 

Grit and conglomerate 15 ft. 

Measures concealed 20 ft. 

Dark grit 3 ft. 

Coarse conglomerate 12 ft. 

A synclinal axis is now reached, and the last 155 feet 7 inches of 
the section are repeated, dipping to the east. This brings us to the 
east end of Easton's Beach, where it is impossible to examine the suo- 
ceeding strata as they are deeply seated beneath the sand. The con- 
glomerate may be seen stretching to the northeast upon the west side 
of a long hill, — hence it cannot connect with the conglomerate upon 
Miantonomah Hill, to be described presently as an upper bed, and the 
third conglomerate. The total thickness of the second conglomerate is 
464 feet and one inch. 

We suppose that this conglomerate turns again and dips beneath the 
slates on the west side of the beach. When last seen the dip is only 
5^ E., and the undulation seems to be a local affair. Estimating the 
length of the beach at 2,690 feet, and the westerly dip of the under- 
lying rocks at twenty-five degrees, the thickness of these concealed 
measures is 920 feet They probably belong to the coal measures. 

5. Goal Measures. — We now have arrived at the rocks which com- 
pose Uie greater part of the island. The chief varieties of rock are the 

TOL. xiy. 11 
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following : 1. A dark colored slate, or slaty claj, often moch indurated, 
and more or less charged with carbon. This is generally in the 
vicinity of beds of coal ; 2. Beds of anthracite and plumbago ; 3. A 
hard slate, usually of a taloose green color, but embracing also eyeiy 
other shade of green, which does not appear to be talcose, micaceous, or 
argillaceous; sometimes it is micaceous* This is the most common 
variety of rock in the coal measures ; 4. Grits and sandstones, both 
compact and easily decomposing ; 5. Conglomerates made np of peb- 
bles of slate. This is quite distinct in lithological character from the 
conglomerates already described. 

The following is the succession of strata from the west end of Eas- 
ton's Beach to the third conglomerate in the south part of Newport : — 
Carbonaceous slate, N. lO*' E., dip SO*' W. ten feet. 

Among the debris fallen from this and the two or thiree following 
beds are fragments containing the following species of plants. We sop- 
pose that they originated from the preceding stratum. They are: 
Asterapkyllites subUsviSf Lsqx.; Pecopteris arborescenSy Brgt ; Annulana 
sphenopkyUoideSf Brgt; ApMehia; n. sp. Pecopteris {AUtkopterU) 
unita, Brgt. ; P. qffinis, Brgt (now for the first , time found in North 
America) ; SphtnophyUum emarginatum^ Brgt ; SphenophyUum scMo- 
iheimti^ Stemb. ; SphenopteriSy n. sp. ; and Annvktria fertilisy Stemb. 
This is the locality No. 1, in Fig. c. 

Conglomerate made of pebbles of aigiUo-micaceoas slate . 16 ft 

Carbonaceoos slate and coDglomerate 3 ft. 6 in. 

Carbonaceons slate, dip 40^ W 19 ft. 

Conglomerate from 8 to 9 feet thick. Ayerage 6 ft. 

BladL fHable carbonaceons slate, dip 48^ W 17 ft. 4 is. 

In this slate there are numerous perpendicnlar veins of white quartz. 

Conglomerate of slate pebbles lift. 

Gray sandstone lift. 

BladL friable carbonaceous slate 10 ft 6 in. 

Conglomerate 7 ft 

Gray sandstone 7 ft 

Gray sandstone and black slates 12 ft 

Micaceous slates SO ft 

Hard mica schist, N. 10^ E., dip SO© W 16 ft 

Shales and sandstone 8 ft 

Hard mica schist IS ft 

Talcote schist 10 ft 

Conglomerate full of white quartz veins, thinning oat southerly 16 ft 
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Blade shales and sandstones 12 ft. 

Bohrstone . sin. 

Black shales 6 in. 

Black sandstone, very evenly bedded, dip 37^ W. . . . . 1.5 ft. 

Greenish sandstone 7 ft. 3 in. 

Black slate, dip IS^W 28 ft. 

Sandstone, corrngated by the snrf 12 ft. 

Theee rocks are permeated by deayage planet, dipping west. 

Sandstone and schist 28 ft. 

Green shales 6 ft. 

Coarse conglomerate 17 ft. 

Sandstone 1 ft. 6 in. 

Black slate 8 ft. 

Shales and sandstones, dipping 250 W .4ft. 

Gray sandstone 4 ft. 6 in. 

Conglomerate * 12 ft. 

Gray sandstone 8 ft. 

Slates 5 ft. 6 in. 

Conglomerate 8 ft. 

Green slate, very friable 10 ft. 

Green slate, more compact 3 ft. 

Soft talcose schist 8 ft. 

Slates lift. 

Shales, yery friable 5 ft. 7 in. 

Alnminons shales 3 ft. 

Conglomerate 11 ft. 

Alnminoos shales 8 ft. 

Black shales 9 ft. 

Conglomerate, thirty feet, in 'which there have been slides, so that 
beds of black slate have been removed from their original position, and 
are now situated like injected veins which have been cat off bj other 
injections. There are many small contortions of strata at this point in 
the section. 

Black slates 9 ft. 6 m. 

Conglomerate 6 ft. 

Glazed black slates 3 ft. 6 in. 

Green sandstone 14 ft. 

Light green talcose schist 15 ft. 9 in. 

Conglomerate 30 ft. 

There is a fold here, the rock dips 62® E., running N. 10° E. This 
is north of Ochre Point There are several small faults in the strata 
just described, sometimes showing a dislocation amounting to twenty 
feet. Passing over the fold the first rock above the conglomerate is 
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iUterwf ooDglomflrate 9 ft. 

Whetstone taleose schist * . 14 ft. 

Conglomerate containing ebngated pebbles, somewhat resembling the 

Porgatory conglomerate 23 ft. 

Schist and conglomerate 4 ft. 

Soft talcose schist, dipping 400 W 8 ft. 

Conglomerate, Ochre Ft 8 ft. 

Slates 4ft. 

Another small fold appears here. 

Above the repeated rocks are slates, sandstones, and conglomerates, dip 

16© W 25ft.tfiiek 

Next there is another long wave or fold of the strata, at the weet 
end of which there is a bed or vein of quartz 18 feet thick, running 
N. 20^ W., and dipping 20** S. W. 

The rocks in this last wave correspond in lithological diaracter with 
the rocks overlying and displaced hj the granite at Sheep Point Sap- 
posing the horizon to be the same, we continue the section from near 
Sheep Point The granite would naturallj act alcmg the line of strike, 
and hence it is that the strata are disturbed about Ochre Point 

Bocks mostly concealed, abont 50 feet, containing Pecopteris nervosa, Brgt 

Shales 25 ft. 

Shales containing Aletkopteris Pluchuti, Brgt, and Neuropteris tenui/olia, 
Brgt 25 ft. 

This is locality No. 2 in Fig. c. 

Shales and anthracite 2 ft. 

Carbonaceous shales 10 ft. 

Shales and anthracite 4 ft. 

Sandstone 6 ft. 

Gray shales 15 ft. 

Sandstone, abont IS ft. 

Carbonaceous slates 20 ft. 

Impure anthracite 1ft. 

Carbonaceous shales 19 ft. 

Shales 28 ft. 

Congbmerate 4 ft. 

Shales 15 ft. 

Gray sandstone 6 ft. 

Veiy friable black shales 32 ft. 

Conglomerate 3 ft. 

Black sandstone, running N. 20^ B 9 ft. 

Anthradte 1ft. 

Fine sandstone 2ft.6is. 
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Shale containing the following plants (two feet thick) : AstertfphyU 
Hies stibkevtSj Lsqx. ; PecopUris arborescensy Brgt ; Annularia fertility 
Stemb. ; NeuropteriSy n. sp., allied to ilT. Grangeriy Brgt. ; Lepidoden^ 
drotiy Pecopteris (Alethopteris) uniiOy Brgt ; P. derUatOy Brgt. ; P. 
c^hea (?) Brgt ; Sphenopteris eleganSy Brgt ; Annukuria tphenophyt" 
loideiy Brgt. ; SphenophyUum schlotheimiiy Stemb. ; OychpUriSy n. sp. ; 
Lepidodendron (Sagenaria) dichotomumy Stemb. ; Spkenopteris inter" 
medioy Lsqx. ; Pecopteris argutay Brgt. ; P. oreopteridisy Brgt ; and two 
indeterminable species of Pecopteris, This is locality No. 3 in Fig. c. 

Anthnudte 6 in. 

Black shales, sometimes gritty . 20 ft. 

Anthracite 1ft. 

Shales and slates 6 ft. 

Farther to the north, and probably overlying the preceding, is the 
following order of strata : 

Carbonaceoos shales containing nomeroos banches of anthracite . 16 ft. 

Mica schist 9 ft. 

Carbonaceous shales, containing three inches of anthracite . 24 ft. 

Sandstone, containing nod ales 8 ft. 

Carbonaceous shales with anthracite 19 ft. 

Dark mica sdiist 13 ft. 

Black sUtes, dip 240 W 20 ft. 

This point in the section brings us to the grounds of Mr. Barreda. 
From thence westward (or upwards) the rocks are mostly covered by 
drifl, so that we could not measure them bed by bed. The total thick- 
ness of the rocks upon the section just enumerated, between Easton's 
Beach and Barreda's, is 1,091 feet and 2 inches. 

Upon Pope street in Newport there is an abandoned quarry of mica- 
ceous schist The strata run N. 20** E., and dip 28*^ W. They are 
somewhat contorted. A similar rock is exposed upon the north side of 
Levin street Estimating the distance from the last point of measure- 
ment to the third conglomerate as 8,155 feet, and the average dip of 
the strata as 80^ W., the thickness of the strata would be 1,577 feet, 
making the total thickness of the strata between the second and third 
conglomerates to be 8,588 feet and 2 inches. 

In the west part of Newport the strata dip east, as they are npon 
the west side of a synclinal axis. The synclinal line lies along the 
junction of the metamorphic with the unaltered slates. Upon Price's 

11* 
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Neck, the rock is an iDdorated bluish slate, whose deayage planes are 
unosoallj &r apart It is overlaid bj a similar rock, bat containing some 
decomposing substance, rendering the color grej. To the west of thii 
rock the slate is veiy finely divided bj cleavage planes, and is quite 
soft and friable. Half a mile west of Price's Neck, along the shores 
there is a dyke (?) of a decomposing greenish rock, overlaid bj a tob 
of white quartz from six to ten inches thick. The surface of the qtuKi 
is fluted. In the rock west of this there are innomerable nodoles of 
white saccharoid carbonate of lime, running N. 33^ W., and dipping 
22^ E. Some of the ledges abound in cavities from which the lime 
has been removed bj the dissolving action of the waves. 

The rocks upon Castle Hill are green and dark brown shales oAes 
somewhat indurated, running N. 42^ E., and dipping 28^ S. £. Be- 
tween Castle Hill and Fort Adams similar rocks occur, dipping at first 
20^ and then 15^ S. E. Within the fortress beneath the parade groimd 
the position is the same. 

In the north part of Newport these greenish slates ^pear at Fort 
Green, Malbone Garden, Rose Island, Gull Bock, the south end of 
Coaster's Harbor Island, and Bishop's Island. In Middletown, most 
of the surface is covered with alluvium ; but the usual strata of the 
coal measures were noticed in several places ; as near an ancient forti- 
fication north of Gleason's Fond, north of Miantonomah Hill, and near 
the geographical centre of the town. Ledges are more abandaatm 
Portsmouth. In the southwest part of the town, a small stream btf 
worn through strata of mica schist and sandstones, producing a P>^ 
turesque gorge in what is caUed Lawton's Yallej. Between this goigo 
and the Aquidneck mine ledges of slates and sandstones are comiDOfl) 
having quite variable positions, but with a general easterly dip* ^^ 
all the ledges on the east side of the town dip to the west, thus foniu% 
a synclinal axis. At Black Point there are black carbonaceous sb&H 
slates, and fine-grained sandstones, running N. SO^ E., dipping 29^ ^f 
and permeated by cleavage planes dipping 62^ W. 

Butts Hill is the site of ancient fortifications, and is in the troagb d 
the synclinal, as the strata dip towards each other on the opposite sides 
of the hill. The rocks are the usual coal measures of the island. *^^ 
coal formation does not extend to the extreme north part of the town* 
for ledges of granite show themselves there, and the junction of u^ 
two rocks is obscured by alluvium. 
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Bed$ of OoaL — The onlj bed of coal in the whole of this basin in 
Massachosettt and Rhode Island that is mined, is in Fortsmooth, at 
the Aqoidnedc mine.* This is in the north-west part of the town, and 
has been worked for manj jears. The strike of the strata and the 
bed is somewhat east of north, and the dip of the bed now wrought is 
from 38^ to 35^ south-easterij, the dip being greatest at the surface. 
There are three beds of coal, of which chiefly the middle one has been 
woi^ed, which averages from two and a half to three feet in thick- 
ness — the other beds being generallj but a few inches thick. The 
snoceseioa of strata in an ascending order is this : sandstone, carbona- 
oeons and daj slates, five feet ; the three beds of coal, separated by 
narrow seams, carfoonaoeovs slates, five feet, and oyerljing the whole, 
strata of sandstone. 

From Capt William Cobb, one of the proprietors of the mine, I 
learn that upon the west side of the synclinal between the Bay and 
Butts Hill there are eleven different beds of coal, all of which are 
covered with soil. Aquidneck mine is situated upon the eighth bed in 
the order of ascent from the Bay. Accompanying each bed are one or 
more *^ leaders " or small seams of coaL The three beds at the mine 
Capt Cobb considers as <Mie bed with two leaders. The three upper 
beds are abont two hundred feet distant from one another topographi- 
cally. 

The thickness of the coal bed which is worked varies from one to 
twenty feet in consequence of plication of the strata. There are undu- 
lations in the beds, and these bunches of coal are accumulated where 
the pressure was least These foldings do not run either perpendicular 
or parallel to the direction of the strata, but obliquely to it Henc^ 
when a thick mass of coal is reached, it passes into the earth between 
the strata in an oblique direction, and the axes of all the other convo- 
Intions will run parallel to it We examined the direction of some of 
these folds, and found them to run N. 62^ E., and N. and S. In these 
eases the force was from the east or southeast In other parts of the 
mine the direction is different — indicating a force from the N. £. or 
8. W. Hence we suppose that the forces operating upon this bed 
have been exceedingly complicated. The phenomena are such as to 



• This is now esUed the Moant Hope mine. 
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make it appear as if the strata had been crowded into a tight place, so 
that really the foroes of disturbance came from every quarter. Yet 
there are no extensive faults. A few small ones appeared, but none 
greater than four or five feet 

In consequence of these pressures, the coal has been much crushed 
and broken, so that when dug out it crumbles and produces a great 
deal of fine coaL The coal is heavier than the anthracite from Peon- 
sylvania, and contains a larger proportion of carbon. 

The Mt. Hope mine has been worked successAillj for a number of 
years. It is now seven hundred feet deep, and there is a large number 
of gangways and openings, branching out at different levels. The 
mouth of the mine is not more than twenty feet above the ocean. 

Upon the opposite side of the island is Case's mine, the opening d 
which is now entirely closed up. Dr. Jackson states that the stnta 
here run N. N. E., S. S. W., dipping to the W. N. W. 15^ to 20^ 
and that there are three beds of coal, one of them being thirteen feet 
thick. 

As these two beds of coal (Mount Hope and Case's mine) are opon 
opposite sides of a synclinal axis, and dip towards each other, the qoes- 
tion arises whether they are not outcrops of the same bed upon the 
two edges of the basin ? Dr. Jackson estimates the amount of oosl in 
Portsmouth upon the supposition that they are the same bed. Bat we 
are not satisfied that the beds are the same. For the syndinal line s 
on the top of Butts Hill, which is 5,172 feet from Moont Hope mine, 
and 2,828 feet from Case's mine. Moreover, the dip of the former 
mine is greater than that of the latter. Hence, unless there has heen 
a disturbance in the strata of great extent, it is impossible for these 
two beds to belong to the same stratum. The Mount Hope bed shoold 
reappear east of ChUd's Wharf in the strait, and Case's bed shooM 
crop out on the west side of Butts Hill.* 

^ For want of time we did not traverBe the region betwecEn these two heds ; v^ 
without digging a deep trench through the soil, we apprehend it wonld bo <»■' 
cnlt to decide which one of the eleven beds of the Moant Hope series conrespoods 
to the one at Case's mine. The latter mine, with the adjoining rocks, is enur^J 
covered up with soil, so that it is impossible to decide the question by the aid of 
the peculiar vegetation associated with the coals. We anspect from one or two 
previous observations of geologists, which in their present form do not hannontfe» 
that there are two synclinals instead of one, — or one synclinal and the west side of 
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Tke Moant H<^ bed has been traced northerlj nearlj to Bristol 
Ferry. There is said to be a bed of plumbago half a mile south of 
Bristol Feny, which must be upon a different layer from the Mount 
Hope bed. Probably both sets of beds will hereafter be traced around 
the north end of Portsmooth, so as to unite. The soil in that vicinity 
is tboroug^y charged with carbonaceous matter, as if from the disinte- 
gration of coaL The alluyiom forms quite a thick covering, so that it 
is impossible without cutting trenches to know the position of the coaL 

Some small coal beds have been found in other parts of the island. 
On Quaker Hill, in Portsmouth, a small coal bed was struck a few 
years ago, but was not woriced. Between this hill and Newport the 
rocks are concealed, but we have reason to believe that this bed upon 
the east side of the synclinal axis is c<mtinuous through the island. At 
least coal occurs in two localities in Newport, one upon Green Lane in 
the north part of the city, and the other upon Newport Neck, upon the 
estate of Mr. Francis Barreda. The latter consists ef several small 
beds of impure anthracite, associated with coal plants, and presenting 
their edges to the sea. They were first opened by the British during 
the Bevolutionary war, but were not found to be profitable. 

The general structure of the coal measures upon Aquidneck Island 
18 tibat of a synclinal axis. The greater part of its west edge is worn 
away, but in the north part of Portsmouth, and the south-west part of 
Newport below Fort Adams, and on the islands in Newport Harbor, 
enough of the easterly dip remains to show the structure. 

For the age of the coal beds we refer to another paper read at this 
meeting, and published in this volume, entitled, S^hron%$m of Coed 
Beds in New England with those in other North American Coal 
Baeint. 

6. The third Conglomerate. — There are only two deposits of this 
bed upon the island open to view, and these probably are connected 
together beneath the soil and water. The most northern of them is at 
Miantonomah HUl and Coaster's Harbor Island. Miantonomah Hill 
is capped with a conglomerate, with an occasional seam of slaty sand- 
rtone. The strata are nearly horizontal, some dipping a few degrees 

another. For one obBervation is, "the rocks at Case's mine dip W. N. W. 15^." 
The other, " the rocks at Case's mine dip 350 south-easterly." Obviously two dif- 
ferent localitiee were in mind, yet not widely separated from eadi other. 
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east, and others a few degrees west The pebbles are mostlj qaartz, 
cemented by sandstone, but of much less size than those at Purgatory. 
The largest pebble is three feet in diameter, and their average length is 
about two inches. None of them are distorted, but we noticed a few of 
the peculiar joints cutting through them at right angles, as at Purgatory. 

There is another ledge of coarse conglomerate between the top of 
the hill and the harbor, but nothing of special interest could be learned 
from it There is a fine development of this conglomerate upon 
Coaster's Harbor Island, upon which the almshouse is situated. Most 
of the rocks upon the island are purely conglomerate ; and some of 
the ledges are a mere collection of pebbles with scarcely enough of a 
cementing substance to hold them together. None of them are distorted 
or elongated. Upon the west side of the island the strata are plicated 
and a beautiful little anticlinal axis is displayed, exhibiting the con- 
glomerate gracefully folding over strata of green slate. It is not cer- 
tain that these strata of slate are other than constituent parts of the 
conglomerate, as at the south end of the island the conglomerate dis- 
tinctly runs under a great mass of the slate. 

The most interesting fact observed upon the island was the dis- 
covery of small masses of anthracite among the pebbles, thus confirm- 
ing the observed stratigraphical position of the conglomerate ; that is, 
superimposed upon the coal measures. From its position in reference 
to beds of coal it may not improbably be the equivalent of the Mahtmr 
ing sandstone of the West Its thickness we have estimated to be at 
least fifty feet 

The other locality of this conglomerate is in the south part of New- 
port, lying nearly in coi^unction with the granite. We found it on the 
east side of Almy Pond in two places. In the most northerly locality 
the pebbles were not large, and were intermixed with cartxMiaceous 
shales. Further south the pebbles were very large and have been dis- 
torted into the most uncouth shapes, — very much more than the peb- 
bles at Purgatory. This is explained by its proximity to the granite. 
The thickness of the whole deposit may have been greater than 
our estimate, because in one case the upper part may have been 
removed by erosion, and in the other by becoming metamorphosed 
into granite. 

7. Metamorphic Hocks, — Between the metamorphic slates and the 
coal measures, there is a mass of granite which must have been formed 
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subsequentlj to the deposition of the metamorphic rocks, though not 
subsequent to their alteration. Hence we rank the metamorphic slates 
as the older of the two. 

These metamorphic rocks consist of silicious slate, chert, and jasper. 
There are two patches of these rocks, both in immediate proximity 
to granite. Thej do not differ from the oommon rocks of the coal 
measures in mineral composition, but thej do in hardness and want of 
divisional planes. A series of specimens may be obtained illustrating 
everj varietj of compactness from jasper or silicious slate to ordinary 
claj slate or sandstone, — and the change from the original character 
decreases from the granite outwards. But onlj those parts of the 
slate which overlie the granite are affected, unless, perhaps, part of the 
smaller bed of altered rocks. 

The metamorphic rocks resist decomposition greatly, and it is com- 
paratively easy to trace their limits by noticing where the ledges are 
prominent, and where very little soil has accumulated. The south- 
west part of Newport, for this reason, is a perfect paradise of ledges. 

The largest mass of silicious slate lies between the city of Newport 
and Fort Adams, and is about three fourths of a mile wide, and over a 
mile in length. The other locality is between Rough Point and Mr. 
Barreda's estate. The belt runs transversely across the strata, is 
towards half a mile in length, and 1,584 feet wide according to the 
measurement of Dr. Jackson. 

Serpentine. — Among these altered rocks near Fort Adams there 
are seams of serpentine, barely separated from the granite by a belt of 
the flinty slate. At its eastern extremity it seems to be stratified. It 
is compact, veiy hard, and may easily be mistaken for greenstone, as it 
IS of a very dark color. 

DoUnnUic Limestone. — Near Fort Adams, upon the shore of the 
harbor, are two beds of dolomitic limestone, running N. 50^ £., and 
dipping S. £. about 40^. One of them is forty-five feet wide, the 
other fifteen feet The limestone is variegated, being tinged with red, 
green, brown, or buff color. Occasionally the limestone is brecciated, 
and numerous ramifying veins of quartz traverse the whole, checking 
it in various ways. 

There are two islands in the harbor entirely composed of this rock ; 
the larger 210 feet long and ninety feet wide, the smaller about half 
as large. No planes of stratification were found, but there was a sys- 
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tern of joints somewhat resembling strata, dipping 49^ W. This lime- 
stone has been burned, and produces a valuable water cement 

We suppose that these two islands of limestone correspond to the 
two beds upon the shore, and that thej are upon opposite sides of die 
same synclinal axis. There must also be an abundance of Hmeetne 
in the rocks about the oitj, because the water fn»n the wells is feiy 
hard. Probably the carbonate of lime is distributed in small noddies 
through the strata as thej are in several other localities upon the 
island. 

8. Granite and Protogine. — The granite in the south part of New- 
port is partly granite proper, and partly protogine, only that the tale of 
common protogine is replaced by chlorite. Some of the fekpsr of 
the protogine is greenish in color. Probably the east part of the 
granite is protogine, and the west part common granite ; bat we did 
not examine the distribution of the two carefully enough to sepante 
them upon the map. Much of the granite is very finely grained,— flo 
much so as to resemble red sandstone. 

Numerous joints are found in these rocks. Near Newpcnrt thej ran 
N. and S., and dip 66^ £., and very closely res^nble phu^ of strati- 
fication. Other directions in the vicinity are the following: N. 20^ ^*y 
N. 50^ E., dipping 29° N. W., and N. W K, dip 70° S. In another 
locality they run N. 70° E., N. 20° E., and N. 45° W., all of whidi 
are perpendicular ; others dip 65° S. and 65° N. Barely firagmcnto of 
slate are found imbedded in the granite, especially near the boimdanes 
of the rock. 

There is a coarser variety of the protogine found at the extreoe 
south end of Newport, and extending north as far as Bough Point- 
This is probably connected directly with the larger mass to the west 
At Goggeshall Ledge there are occasionally numerous large crystals <» 
febpar, scattered over the ledges, making the rock porphyritic, and 
presenting a peculiar checkered appearance. There are also oodolar 
masses or veins of chlorite at the same locality. Large dykes of q^i*^ 
rock and fine-grained granite are finely exhibited here also, presenung 
interesting examples of veins slipped from one plane to another 
repeatedly. At the Dumplings on Conanicut Island, granite appears 
again in connection with metamorphic slates. The granite in uus 
vicinity seems to have filled exceedingly rugged and irregular fissores* 

At the extreme north part of the island in Portsmouth, there tf 
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another locality of granite, of quite different age, almost a gneiss 
rock. It is older than the coal formation, and of the same age with 
the granite of the main land of Rhode Isknd and Massachusetts, very 
likely Hnronian or Laorentian. Yet it is a carious fact that meta- 
moq^ic slates occor along the edge of this granite. 

Ori^n ofthB Nmopori grasMU. This granite has every appearance 
cf an igneous origin. It is accompanied with the usual evidences of 
npheaval of the soperinoumbent strata, and unequivocal proofs of 
heat, which has altered the rocks adjacent, and the heat seems to have 
operated with the greatest intensity nearest the granite. Of late, how- 
ever, most granites are supposed to have been the result of an aqueo- 
igneous fusion, and we do not think the proofs of absolutely igneous 
fusion are so marked here as to prevent the belief that the rock was 
once aqueo-igneous. The presence of chlorite and greenish felspar in 
the granite, as well as firagments of slate, renders it probable that much 
of its constituent portions were derived from the melting down of the 
coal-measures, both the slates and the conglomerate. A year ago, at 
Springfield, we attempted to show that between sandstone and shale on 
the one hand, and granite on the other, there is an unbroken series, and 
that granite is often merely a medianical rock metamorphosed, and so 
to speak, melted. We see not why the same suggestion may not apply 
to the Newport granite. 

The period of the metamorphism of the granite and silidous slate is 
subsequent to the Carboniferous age, for the coal-measures must have 
been deposited before they could have been altered. Probably the era 
of the distortion of the pebbles in the conglomerates was the same ; and 
the period itself corresponded with the time when the greater part of 
the rocks elsewhere in New England were altered, namely, at the close 
of the Pakeozoic age. 

9. AUuvittm. — Much of the alluvium of Aquidneck Idland is in the 
form of unmodified drift. Large boulders are very common. The 
direction of the drift current did not vary greatly from a due north and 
south course. The following instances were noted : At the south-east 
comer of Almy Pond in Newport, the direction of the strisd is N. 10^ 
E. ; on Coggleshall ledge, N. 8® E. ; at Purgatory, N. 15** W. ; near 
Fort Adams, N. 20^ E. Among the boulders specimens of a porphy- 
ritic magnetic iron ore, are very common. Their source is at Iron 
Mine Hill in Cumberland. 

VOL. XIV. 12 
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The beautiful beaches for which Newport is so justly famous, are de- 
posits of modified drift. Nine tenths of the island is coyered with the 
same geological deposit, insomuch that it is difficult to ascertain the 
nature of the underlying rocks, except in ravines and along rocky shores. 
The amount of sand and grayel is also unusuallj great in the north part 
of Portsmouth, covering up the junction between the coal-measores 
and granite. On Newport Neck small beds of rather an inferior qualitj 
of blue and white claj maj be found bj digging into the ground a few 
feet. 

2%%cknes$ of aH th$ strata an the JUand. — The lowest slates and 
schists by calculation are 1,000 feet thick. The conglomerate* at Pur- 
gatory is estimated at 500 feet The slates and schists overlying it, 
by measurement with a yard-stick, amount to 473 feet and one inch in 
thickness. The second conglomerate is 464 feet and one inch in 
thickness. The next, 920 feet by calculation, are mostly concealed 
along the line of the section of measurement Of the coal-measures 
above these, 1,091 feet and two inches were measured, and 1,577 feet 
more calculated by trigonometry. The third conglomerate is estimated 
at fifty feet, and the granite at one hundred feet. The silicious slate by 
calculation is 1,321 feet thick. This ^ves a thickness to the carbomf- 
erous system of 6,497 feet and four inches ; and to the unaltered coal- 
measures a thickness of 3,588 feet and two inches. Estimating the 
alluvium as fifty feet thick, the total thickness of all the strata upon 
the island is 7,547 feet 

We annex a tabular view of all the observations taken of the posi- 
tion of the strata in different parts of the island. The bearings are 
not corrected for the variation of the needle. 
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Table or the Dip and Stbikb or the Rocks upoh the Islakd. 



Lower SlaJta and Grits. 



LOMlity. 


Strike. 


Dip. 


Sachuest Point, east side, 


N. 280 E. 


450 W. 



Fint QmglomeraU. 
North of Sachuest Point on east shore, 



*t 



M 



tt 



44 



K orth of the last locality, in the water, 
Taggart's Ferry 



Soam of Taffffart's Ferry, 

Town line of Middletown and Portsmouth, 

Hanging Rocks, 

Baat of Poigatory, in the water. 

Near Poi^gatoiy, 

As far southwest as the conglomerate 
extends, a series of folds, 



N. SQo E. 
N. 8OOE. 
N. 30O E. 
N. 30«> E. 
N. 300 E. 
N. SCO E. 

N. 8OO E. 
N. 30O E. 

N.8OOE. 



450 — 50O E. 

dip west. 

dip east. 
450 — 50© W. 

750 W. 

30OE. 

00— 50 W., etc. 

30° E. 

350 W. 

i Both E.&W., the 
west sides of the 
folds being the 
steepest. 



Slates between the two ranges of Conglomerate. 



On the line of the shore from the begin- 
ning of the slate to the beginning of the 
second range of the congbmerate. 



N. 30O E. 


Qo _ 550 E. 


N. 20OE. 


100 E. 


N. 20OE. 


450 w. 


N. 200 E. 


100 w. 


N. 20° E. 


30O W. 


N. 20° E. 


340 w. 


N. 20° E. 


310 W. 


N. 200 E. 


240 w. 


N. 200 E. 


380 W. 


N. 200 E. 


30O W. 


N. 200 E. 


620 W. 



Second range of Conglomerate. 



On the west shore of the Point east of 
Easton's Beach — commencing where the 
slates cease ; ending at the east end of the 
Beach, 



N. 200 E. 


620TV. 


N. 250 E. 


700 w. 


N. 250 E. 


410 W. 


N. 200 E. 


480 W. 


N. 200 E. 


30O W. 


N. 200 E. 


290 E. 


N. 200 E. 


260E. 


N. 30O E. 


50 E. 
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West range of ConghmeraU. 



IiocaUtj. 



East Bide'of Almj Fond, 
North of Alms-hoiiM on 

bor Island, 
Southwest of Alms-honse, 
Northwest of Alms-hoose, 
North end of the Island, 
Northeast part of the Island, 
Miantonomah Hill, 



Ck>aster'8 Ear- 



! 




N. 20° B. 
N. 80© E. 



N. 70O E. 



Dip. 



69*^ W. 

250 W. 

25^ soatheriy. 

Horizontal, etc. 

8^ southerly. 

650 N. W: 

Nearly horizontal 



Cocd-Meawres. 



Black Point, Portsmouth, 

Case's Mine, Portsmouth (Jackson), 

Aquidneck Mine, Portsmouth, 

Butts Hill, Portsmouth, 

Old Mine, Portsmouth, 

Near Bristol Ferry, 

South part of Portsmouth, 

Slate Hill, Middletown, 

Lawton's yalley. MiddletOYrn, 

N. W. comer of Gleason's Fond, Middle- ) 

town, ) 

North of Gleason's Pond, Middletown, 
Miantonomah EUll, 
Malbone Garden, Newport, 
Fort Greene, " 

From the west end of Easton's Beach, 
southwesterly dong the shore, as fiur as the 
metamorphic slates. 



At Barreda's, 

Beds of coal, 

Near the granite, 

Pope street, Newport, 

Levin street, '* 

Bishop Rock, 

South end of Coaster's Harbor Island, 

West side of the Island, 

Gull Rock, 

Rose Island, south end. 

Rose Island, west part (usual position), 



N. 30O E. 

N. N. E., 8. S. W. 

East of North. 

N. 80O B. 

N. E. and S. W. 

N. E. and 8. W. 

N. 300 B. 

N. 20O E. 

N. 20O E. 

E. and W. 
N. E. and S. W. 
N. lOo E. 
N. 100 E. 
N. and S. 
N. lOO E. 
N. 10° E. 
N. 10° E. 
N. lOO E. 
N. lOO E. 
N. lOo E. 
N. 20° W. 

N. 20O E. 
N. 20O E. 
N. aoo E. 
N. 420 E. 
E. and W. 
N. 20O B. 
N.80OE. 



N. 200 E. 
N. 50O E. 



290 W. 

150 — 200 W.N. W. 

280_S50 8.£. 

A syndinal axis. 

350 soutfaeriy. 

N.W. 

200 N.W. 

200 s. E. 

150 N. E. 

450 W. 

450 w. 

150 S. E. 

I60N. 
250 N. W. 

300 W. 

400 W. 
480 W. 
30O W. 

370 W. 
250 W. 

620B. 
400 W. 

I60 w. 
200 W- 

240 W. 

450 W. 

6OO W. 

N.W. 

Southerly. 
280 W. 

250 W. 

450 N. W. 
800 N. N. B. 
Variable, but 
nearly horizontal 
Northeriy. 

200 E. 
200 N. E. 
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LooftUtj. 


Sfeillw. 


Dip. 


Eort Adams (in ^ fortrese), 
Soothwest from the Fort, 

CasUe Hill, 
Near 8. Bateman's, 
Southwest part of Newport, 
Lim^tone near Fort Adams, 


N. 420 E, 
N. 420 E. 
N. 420 E. 
N. 40O E. 
N. 200 Yf, 
N. 50O E. 


IQOE. 

15° S. E. 

20O 8. E. 

280 8. E. 

220 E. 

20OE. 

40— 50OS.E. 



Metamorphic States, 



Near the Dumplings, Cooanicat Island, 
Price's Neck, Newport, 



*t 



Near Fort Denham, 
Near Barreda's estate. 



N. 50O E. 

N. 50O E. 

N. E. and 8. W. 

N. 50O E. 



350 — 400 s. E. 

410 N. W. 

200 N. W. 

620 N. W. 

N. W. 



Joinied Structures in the Bocks, 



Im siUcioQs slate. Price's Nedc, 









« 
«« 



it 



Cleayage at Price's Neck, 
Joints at Price's Neck, 
Near Price's Neck, 
Cleavage at Fort Oreene, 
Joints on the largest island of dolomite ) 
in Newport Harbor, ) 

Joints at Pni^toiy (the chasm). 
Near the chasm. 
Near the chasm, most common, 

Cleamge at Black Pohit, Portsmouth, 



N.20OE. 


620 E. 


N. 460 E. 


540 N. W. 


N. 100 W. 


900 


E. and W. 


900 


N. 6OO E. 


300 N. E. 


N. W. and 8. E. 


900 


N. E. and 8. W. 


650 N. W. 




About 400 E. 




490 w. 


E. and W. 


90O 


N. 740 E. 


900 


N. 740 E. 


650S. 




Also 650 N. 


N. 30O E. 


620W. 



In granite. 



Stratification (?) in granite, N. E. part of 

Portsmouth, 
Joints near Fort Denham, most common, 

it « H «( 



it 

a 



« 
it 



it 



ft 



North of Lily Pond, 
West of LUjr Pond, 



N. ISO YT. 

N. 200 W. 

N. 6OO E. 

E. and W. 

N.75OE.,N.20OE. 

andN.W.&S.E. 



12* 



350 N. E. 

660 E. 

66OE. 
290 N. W. 

70OS. 
900 

Others dip 650 8. 
and 650 N. 
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2. Synchronism op Coal-Beds in the New England and 
Western United States Coal-Basins. By C. H. Hitch- 
cock, of Amherst, Mass. 

A FEW years ago no one thought it possible to identify any particular 
bed or series of beds of coal in the Carboniferoas system by means of 
peculiar or characteristic fossils. Bat now, thanks to several observers 
and collectors, chief of whom is Leo Lesquereuz, of Columbus, (Mno, 
most of the beds of coal have been found to be distinguished £nom one 
another by the peculiar forms of vegetation associated with them. 
Each series of beds has associated with it either characteristic species 
of plants, or, more usually, different species, common to several series 
of beds, but grouped together in a peculiar way. 

In the Appalachian and the western coal-fields, the synchronism of the 
different beds has been largely ascertained, and the equivalency is 
satisfactory. We refer to Mr. Lesquereux's writings in various scien- 
tific periodicals and State geological reports for a statement of the num- 
ber, order, and names of the different beds in these basins. The equiv- 
alency of the New England beds of coal, with the others, has never t^ 
now been ascertained. We have made collections of plants from sev- 
eral localities in the New England basin, and Mr. Lesquereux finds 
that their distribution corresponds to that of the beds in the other 
basins. The localities examined are in Wrentham (near North Atde- 
borough), Mass., Valley Falls, Portsmouth, and Newport, R. L The 
specimens from Wrentham were presented by H. Rice, Esq., of North 
Attleborough, to the State Agricultural Museum at Boston ; where they 
may be seen as labelled by Lesquereux. 

From Wrentham the following species were obtained : — Asieropkyl- 
Utes lanceolate^ Lesqx. ; A. equisetiformisy Brgt ; Annuiaria longifoHot 
Brgt.; SphenophyUum Schlotheimiiy Brgt. ; Calamttes Suckawxi, BrgU; 
C. Olstii, Brgt ; Neuropteris fiexuosOy Brgt ; N. htrsiUa, Lesqx.; 
JST. Loschti, Brgt; Alelhopteris Pennsylvanica, Lesqx.; A. nervatOj 
Gopp. ; Pecopteris MxUoni, Brgt ; P. arborescenSy Brgt ; Sphenopteru 
ahbrevicUaf Lesqx. ; LepidophyUum^ nov. sp., and Trigonoearpony nov. 
sp. Lesquereux says of the locality of these plants: ^The exact 
geological horizon of the shales where these species of fossil plants 
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have been collected is obyious, not only from the species themselveSy 
but also firom their relation in number to each other. It corresponds 
with the shales covering over No. 3 coal of the western sections of the 
coal-measuresy equivalent of coal D (Lower Freeport) of J. P. Lesley's 
* Manual of CoaL' 

^ The exact counterpart of your shales (or exact likeness) is found 
especially at both the Salem beds of PottsyiUe, at W. W. Wood, Port 
Carbon, and many other places of the anthracite basins of Pennsyl- 
Tania ; and in the western coal-measures ; in Kentucky along the Tug 
rirer (separating Kentucky from Virginia) ; in Greenup, Lawrence, 
Breathitt counties, etc. In the western coal-fields of Kentucky and 
c£ Illinois this bed is frequently found with the same fossils, and it is 
one of the best and most reliable for its coal. In the east, this bed is 
generally separated into two or three different beds by clay partings of 
various thicknesses, each bed of clay containing the same or nearly the 
same plants. It often runs to No. 4, from which in the western coal- 
fields it is separated by a limestone, and to which it is related by its 
T^etation — the ferns*" 

These shales in Wrentham lie above a bed of ooal which has been 
worked, at least a hundred feet The plants from this bed were not 
examined, but the probability is, as suggested by Lesquereux before 
he knew its relative position, that this workable bed is the equivalent 
of No. 1 B., the big or mammoth coal-bed of the east 

The general position of the Valley Falls bed is the same with that 
just described. We did not obtain a sufficient number of plants from 
its shales to authorize a certain conclusion from them. 

We made quite a careful examination of the rocks upon the island 
of Bhode Island, the details of which will be published elsewhere in 
this volume. The following is the order of strata conmiendng at the 
base of the Carboniferous system, and proceeding upwards: Coarse 
conglomerate containing elongated and distorted pebbles, 500 feet; 
Slates, shales, etc, 473 feet; conglomerate, 464 feet; measures con- 
cealed, but supposed to be slates, shales, and conglomerates, 920 feet 
Just above these concealed measures were obtained specimens * of 
PeeopterU affinxSy Brgt (never before found in America) ; P. arbarei- 

* To Mr. C. E. Hammett, Jr., and Mr. J. H. Clark, of Newport, we are indebted 
Jar these and the following specimens. 
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cenSy "Brgt, ; P. unitOy "Brgt, ; AiterophyUitei stMavisy Lesqx. ; AnnU' 
laria sphenaphyUoides, Brgt ; Aphlebia, noY. sp. ; SphenophyUum emar^ 
ytnatum, Brgt ; & Schlotheimii, Stemb. ; Spkenopterts^ nor. sp., and 
Annvlarxa fertiUsy Stemb. 

Passing over about 660 feet thickness of slates, sandstones, and con- 
glomerates, we next come to fifty feet of shales, associated with numer- 
ous small beds of anthracite, and containing Pecopteris nervosoj Brgt 
Twenty-five feet higher in the series are twenty-five feet thickness of 
Carboniferous shales containing the Alethopteris Ffuekneti, Brgt ; and 
Neuropterxi tenmfolta, Brgt The most productive bed of plants is 
two feet thick, and is 192 feet higher yet It contains AsterophyQite$ 
iuhlavts, Lesqx. ; Pecopteris arhorescens, Brgt ; Anntdoaria fertiUiy 
Stemb. ; Neuropterii, nov. sp., allied to N, Grangeri^ Brgt ; Lepii(h 
dendroTty Pecopteris unita, Brgt ; P. dentata, Brgt ; P. cyathtta (?), 
Brgt ; Sphenopteris eleganSj Brgt ; Anntdaria sphenophyUoides^ Brgt ; 
SphenophyUum Schlotheimiif Stemb. ; OychpteriSy nov. sp. ; Lepidih 
dendron dickotomum^ Stemb. ; Sphenopteris intermedia^ Lesqx. ; Pecop" 
teris arguta, Brgt ; P. oreopteridis, Brgt ; and two indeterminable 
species of Pecopteris, This latter group corresponds to ^e plants 
found at the South Salem bed of Pottsville, or the upper part of the 
No. 3 coal. The Wrentham specimens, in distinction firom them, are 
from the North Salem bed at Pottsville, or the lower part of No. 3 
coaL 

The next 1,700 feet of coal-measures are mostly concealed by soil 
A few seams of coal have been discovered in them which may corre- 
spond with coal No. 4, as it overlies the plants of No. 3 coaL A few 
species of plants, which are not distinctive, have been found at the top 
of these 1,700 feet of strata, immediately underlying a conglomerate of 
fifty feet or more in thickness, whose position corresponds stratigraphi- 
cally with the Mahoning sandstone of the west Above this con- 
glomerate there are 1,320 feet thickness of coal-measures within the 
limits of Newport, in which no seams of coal have ever been dis- 
covered. This may be due to the fact of the complete alteration of 
these measures by metamorphic agency into silicious slate, jasper, chert, 
serpentine, dolomite, and granite. The total thickness of the whole 
Carboniferous system in Newport is 6,497 feet 

In the north part of Portsmouth are the only beds of coal that are 
now worked upon the whole basin — at the Mount Hope Mine. Ik 
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the yicmitj of this mine there are eleven different heds of eoaL Above 
the beds worked for coal three beds of anthracite have been found — - 
and there are six below. From the shales at the mine the following 
species of plants have been obtained: Annuktria fertiliij Stemb.; 
Odantopteru Brardxx^ Brgt; Neuroptetit, nov. sp., related to N. 
Grangerij Brgt ; Pecaptmie arhoreeceniy Brgt ; Sphenopterii Graven' 
horiUiy Brgt, and several others not jet examined bj Lesquereux. 
These are the plants peculiar to the Lower or North Salem bed at 
Pottsville. 

Thus all the beds of coal and shales containing plants which we have 
examined in the New England coal*basin belong to the lower coals, 
and probably all lie below the Mahoning sandstone. Beds (perhaps 
series of small beds) of coal are found, equivalent to the Pomeroj, 
South Salem, North Salem, and perhaps the mammoth beds in other 
coal-basins. We think it doubtful whether the beds of the upper coal- 
measures of other basins are to be found in the New England coal- 
field, partly from metamorphism, partly from denudation, or perhaps 
they may never have been deposited. 

Mr. Lesquereux compares the New England basin with the others 
as follows : ^ From your very interesting section of Aquidneck Island, 
it appears that near or at the western limits of the coal-fields of North 
America, the multiplication of conglomerate strata analogous to that 
which is found in Nova Scotia is already evident Thus, your coal- 
field of Massachusetts and Rhode Island looks as if it formed a link of 
transition between the coal-basin of the great Appalachian and western 
region, and that of Nova Scotia. Indeed, the difference is easily 
marked and understood. To the eastward, the sandstones, conglomer- 
ates or ehore materiais, predominate; to the westward, on the con- 
trary, the limestone and marine formation becomes more marked. It 
is the only difference." 

After having read the foregoing paper, Mr. Lesquereux made the 
following remarks, which I take the liberty to add : <^ From your sec- 
tion it is evident that the stratigraphical distribution confirms the con- 
clusions drawn from pakeontological evidence. It shows that eastward 
of the anthracite coal-basin of Pennsylvania, there is the same progres- 
sion in the thickness of the coal-measures, as is everywhere apparent 
fix>m the Mississippi River, where, for example, the average thickness 
of the conglomeratic measures is no more than twenty-five feet, to the 
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anthracite coal*basin of Penndylyania, where, at Pottsyille, the same 
conglomeratic formations attain to 1,400 feet 

^ On the Mahoning sandstone you will please remark, that it is gen- 
erallj a series of strata, like the millstone grit or conglomerate, and 
not an only or single bed of sandstone. It is generally (but not al- 
ways) conglomerate at the top only, and sometimes underlaid by one 
or more strata of sandstone, separated by shales. Thus, it may be at 
Newport more than 200 feet thick. A remarkable coincidence of the 
stratigraphical distribution of your eastern coal-measures with those <^ 
Pennsylvania, appears in the bareness of the measures overlying the 
Mahoning sandstone. In the coal-basin of Illinois and western Ken- 
tucky, the space (average 500 feet) between the Mahoning sandstone 
and the Anvil Rock sandstone, which overlies coal No. 12, contains 
from three to five workable beds of coal which insensibly disappear to 
the eastward. Thus, at Pittsburg, the space from the Mahoning to ^ 
coal is 500 feet, entirely barren of coal. Pittsburg coal is the equivap 
lent of our No. 11 coal of the west It gradually thins westward, but 
preserves mostly a good workable thickness. As it is always accom- 
panied by limestone, it is evident that it has been formed under marine 
influence. It ought consequently to thin out and disappear in the east, 
where the marine formations are replaced by shore deposits, that is, by 
sandstones, conglomerates, etc The coal-measures overlying the 
Pittsburg coal rarely if ever contain a workable bed of coaL The 
Waynesburg coal and the Swickley coal are locally three or four feet 
thick ; but it is a local and peculiar enlargement of seams that generally 
are no more than one or two feet thick. Thus, it is quite a matter of 
course that you do not find any beds of coal above the Aiahoning sand- 
stone. 

'< Please to examine and compare the general section of the Appa- 
lachian coal, in its deepest part, east of Pittsburg, by H. D. Rogers, 
and the section of the Kentucky basin in Union county, west Kentucky, 
by D. D. Owen. The base of Rogers's section, the Mercer's coal, is 
the only part which is not certain, and must be referred perhaps to coal 
No. 1 A and 1 B. My Second Report on the Gleology of Kentucky 
has fifteen comparative sections of the coal-measures taken at &r difier- 
ent places, irom the Mississippi River to Carbondale, Penn., and all 
show the same analogy or rather identity in the distribution of the coal 
strata; the difference being only in the thickness of the sandstone 



GEOLOGT AND PALEONTOLOGY. 143 

Strata separatiDg the coal-beds. Of course such a comparison can be 
made onlj with the help of palseontologj ; while before placing two 
sections opposite each other it becomes necessary first to determine, by 
identity of fossils, one bed of coal at least, to be equivalent to another 
of another section. As our coal No. 1 B, has a marked flora, I have 
generally taken this bed as a point of comparison for my sections, de- 
termining it first from the fossil plants. But in some of my sections I 
have had opportunity for comparing the palaeontology of all the strata* 

^ As I said above, the difference in the sections appears only in the 
difference of thickness of the strata separating the coal, and also of the 
coal-beds. But even this difference is not accidental or abnormal It 
progresses by uniform increase towards the east and south, and then 
these differences in the thickness of the coal-measures can be followed, 
and consequently accounted for. In the north-eastern part of Ken- 
tucky, the coal-measures have their median thickness ; but by following 
to the south the Louisa and the Tug rivers, the measures progressively 
increase in such a way that in Jackson county the distance between 
coal No. 2 and Na 8 is 165 feet (the average is 100). In Lawrence 
county, 190 feet ; and at Warfield, near the burning spring, southeast 
comer of Lawrence county, the space is already 230 feet The space 
between the other coal strata is just proportioned to this. It is, then, 
Tery easy if one cannot follow the development of the coal-measures in 
eyery direction and over the whole area which they cover, to be misled 
at far removed points when we try to come to a comparison of the 
synchronism of the coal strata. 

^ It may be that at Rhode Island you have the lower part of the 
Salem coal, with its upper part separated by 192 feet of measures. As 

1 wrote you before, I could never at Pottsville, Tamaqua, or elsewhere, 
ascertain exactiy the distance or space between both members of No. 8 
coaL But I do not find characteristic species enough in the shales 
just above the 920 feet of measures to authorize the assertion that they 
belong to No. 1 B or some member of No. 1. They may go with No. 

2 coal, and certainly you will be able, by collecting specimens, to find 
a number of other species. In any case you have a bed of coal, of 
which the position is perfectly ascertained ; namely, that corresponding 
with No. 3, the Wrentham coal and the coal of Newpoi*t 660 feet 
higher than the top of the 920 feet of concealed measures." 
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3. Behabks upon certain Points in Ichnologt. By Professor 
Edward Hitchcock, of Amherst, Mass. 

SmCE the pablication of Sir Richard Owen's able work on Pabeon- 
tology, Ichnology may be considered as fairly installed as a distinct 
branch of this science. It is just sixty years since the first fossO fbot^ 
mark that has been preserved in oar cabinets, was disinterred in the 
Connecticut valley, and only thirty-two years since the first sctentific 
description of such fossils was ^ven by Dr. Duncan. Tet they have 
already been discovered in nearly all the great ro<^ formations. In 
the Cambrian rocks we have the trails of AnneHds. In tlie lower 
Silurian, the tracks of Crustaceans ; in the upper Silurian, those of 
Annelids, Mollusks, Lizards, and Fishes; in the Devonian, those of 
Lizards, Batrachians, Chelonians, and Mollusks ; in the Carfooniferoos, 
those of Lizards, Batrachians, and Fishes ; in the Permian, Uiose of 
Lizards, Batrachians, and Chelonians; in the Trias, those of Gros- 
taceans, Batrachians, Lizards, and perhaps Marsupials ; in Uie Oolite, 
those of Marsupialoids, Birds, Lizards, Chelonia&s, Batradiians, Fishes, 
Crustaceans, Insects, and Annelids ; in Alluvium, of course, those of 
all living animals ; but those of Mammalia, Birds, Batrachians, Che- 
lonians, and Annelids at least, will be found in the cabinets. These 
facts indicate .great progress ; but we predict that in a few years it will 
seem only the A B C of the subject. 

In a branch so recent, it is to be expected that a diversity of views 
will exist, even as to points of great importance. I propose to make 
some remaiks upon a few such points, on which perhaps my views 
may difier from those expressed by others. 

The first inquiry I shall notice is raised by the enumeration just 
made of the foot*maiks in the different formations. In many cases the 
character of the animals is not so well settled that cautions writers 
will admit them into the same catalogue with those determined from 
their skeleton. Yet no one conversant with the subject, will longer 
doubt that the tracks were made by living animals, generally of dif- 
ferent species from those otherwise discovered. I would sugge^ 
therefore, that those made known by their tracks, be put into a sep- 
arate group in an Index Palaeontologicus. I would call the group 
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lAthtchnoxoOf — litermllj, sione-irach animals. Geologists woald then 
know the exact amount of evidence on which their existence and char- 
acters rest. This course I have adopted in a recent edition of mj Ele- 
mentary Geology. 

Some, indeed, take the ground that from tracks ^one, we cannot 
infer the nature of the animal with any such probability as to make it 
proper to name and describe them, or to put them upon an Index 
Palfldontologicus. We must wait till the skeletons of the animals that 
made the tracks are discovered. 

Let us see whether this opinion has a philosophical basis, and cor- 
responds to the practice of palaeontologists. 

In the first place, it is certain that we are able to infer with a good 
degree of certainty the nature of living animals from their tracks. 
Who would confound the track of man with that of any other species ? 
or doubt that the track of a horse was made by a ruminant with solid 
hoof, or that of the sheep or the swine by animals with cloven hoofs ? 
or that a tritid thick-toed track, with the normal number of phalangeal 
impressions and alternating feet, was that of a bird like the three-toed 
ostrich ? or that a similar track, with narrow toes destitute of phalan- 
geal marks and with long stride, was made by a narrow-toed bird ? or 
that five-toed tracks, arranged in two rows and by twos, were made by 
some mammifer, like the camivora ? or that small tracks in six rows, 
with linear toes, Were made by insects ? or that a mere trail was made 
by a mollusk or an annelid? There could be little doubt in such 
cases, and we might, as Cuvier said, '^ regard the conclusion as equally 
certain with any other in physics or morals.** Still stronger, as we 
shall endeavor to show under our next head, is the evidence sometimes 
presented by fossil footmarks to show their origin. 

2. Suppose we have before us the entire foot of an animal petrified. 
It might show not only the exact form, but the phalanges, the daws, 
the heel, and even the striae and papilke of the skin. Would not 
every palaeontologist feel as if such a relic of so characteristic an 
organ, justified him in inferring the nature of the animal, and of ^ving 
it a name if new ? Indeed, how many of the fossil animals have been 
described from relics less satisfactory than a well-petrified foot I Yet 
in many of the tracks we have an exact counterpart of a petrified foot 
The deep imprint of the animal's foot in the mud is filled by other 
mud, which copies the exact form, the phalanges, the daws, the heel, 

TOL. xiy. 13 
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and even the skin, every part of the foot, indeed, except its upper 
side ; and when the rock is split open, we have this perfect cast, an 
equivalent, so far as external characters are concerned, of a petrified 
foot. What philosophical naturalist, then, will saj that tracks furnish 
no reliahle data for inferring the nature of the animal ? 

8. But suppose we find the bones of numerous animals in the same 
formation as the tracks, how is it to be proved that those animals made 
the tracks ? In no other waj but by comparing the bones of the feet 
with the tracks. But this can be done more sucoessfulty, as we think, 
by making the comparison with the much greater number of the feet of 
living animals, covered with flesh and skin, as those of the fossQ 
animals were, when they made the tracks. And as a matter of &ct, 
no tracks have ever been identified by fossil skeletons. The only 
attempt of the kind, that of the Labyrinthodon with the Cheirotherium, 
appears to us entirely unsatisfactory, highly as we respect the <^inion 
of Prof. Owen, who suggested this identification. For the strait single 
row in which the tracks of the Cheirotherium are arranged, as givoi 
by Ow^i, never could have been made by the wide frog-like body and 
sprawling legs of the Labyrinthodon. The fact is, there are insupera- 
ble difficulties in this matter, even if we can find fossil skeletons. A 
few have been discovered in the Connecticut Elver sandstone ; but ncme 
of the tracks can be identified with them. 

4. It is not strange, in view of such reasoning, that Cnvier should 
have said, before fossil footprints were known, that '' a single foot-mark 
of a cloven hoof indicates to the observer the forms of the teeth, of all 
the big bones, thighs, shoulders, and of the trunk of the body, of the 
animal which left the, mark." Nor is it strange that such men as Sir 
Bichard Owen, Sir William Jardine, Professor Kaup, and Isaac Lea, 
should have named and described animals with no other relic of them 
but their tracks. 

A second point I would notice, is the supposed obliteration ot the 
tracks of the fore feet of quadrupeds by the hind feet brought into 
exactly the same place. That living quadrupeds do thus bring up the 
hind foot, I know. It is done most perfectly in the winter, when the 
snow is covered by a slight crust. But in no case have I seen more 
than half a dozen tracks in succession, where the hind foot took the 
place of the fore one so perfectly that marks of both could not be per- 
ceived ; and rarely is it done in a single case so completely as to 
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deceive a practised eje. Hence, in reasoning about fossil footmarks, I 
Bhould saj that where we have but few and imperfect specimens, we 
may mistake a biped for a quadruped from this cause. But if we have 
numerous specimens, and these very distinct, such mistake is not very 
likely to occur to one familiar with tracks. A more frequent source of 
error lies in the fact that the fore feet, in unequal footed animals, does 
not make so deep an impression as the hind feet ; and if we happen to 
have a specimen with even a thin layer peeled off, the marks of the 
fore feet may have disappeared. 

But I have learned another fact, both in relation to recent and fossil 
foot-marks, which bears strongly on the point under consideration. 
Even where an animal makes a deep and distinct impression with his 
hind foot, in the place just vacated by the fore foot, the latter is not 
generally obliterated^ but only sunk deeper into the mud. I will iUus- 
trate this by two examples. 

Fio. 1. 
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The drawing here introduced (Fig. 1), shows a man's foot with 
that of a bird, upon unconsolidated clay from the banks of Connecticut 
River. On the same surface are rain drops ; and though the human 
foot made a rather deep impression, so as to show distinctly the striss 
of the skin, the rain-drops were not obliterated, but only carried bodily 
deeper into the day, as the drawing shows. 

My second example is derived from the only specimen ever found 
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of the tracka of the fore feet of the Otozoum MoodiL One of tliese 

tracks (that on the right deeply shaded) lies almost entirely beneath 

that of the hind foot, as this drawing shows (Fig. 2). Tet it is not 

obliterated ; indeed it ia quite as distinct as the correspondiog track 

which is free. Prof. Owen mast have 

misunderstood my description when he 

says, "it would seem that the hind 

MP foot, which was larger than the fore 
foot, obliterated the print of that foot, 
by tieing placed upon it in walking" 
\^ (Palaeontology, p. 165). In the case 

\^ of the Otozoum, the obliteration of 

the track of the fore foot was not the 
cause of iU infrequent occurrence, hnt 
^C^ it was rather because the rniimal rarely 

brought it to the ground. 
Such facts conduct to the conclusion that it ia unsafe to acconnt for 
the supposed absence of the tracks of the fore feet by their obliteration 
by the hind feet. It may occur in some cases, but not as a geneisl 
fact Other causes, at some of which I have hinted, account for theii 
absence much better. 

A. third point on which X would remark, is the position some hare 
lately taken, thikt none of the tracks in the Connecticut valley were 
made by birds. It may be bo; and no one familiar with the difficulties 
of Ichnology, should by any means be ^ery dogmatic in, or tenadoos 
of, his opinions about foot-marks. Tet no wise man wUl hastily aban- 
don an opinion which has been sastained by such strong ailments. 

I think but little, indeed, of the popular argument, namely, that 
Bome of these tracks look like those of birds. And yet where resem- 
blances are so strong as to arrest every one's attention the moment he 
looks at them, they should not be set aside hastily as of no conse- 
quence. " This is the track of Noah's raven," saii Mr. Moody to Ms 
neighbors when he showed them, six^ years ago, the first fossil foot- 
marks ever noticed on the globe. " Here are some turkey tracks 
made three thousand years ago," said Mr. Draper to his neighbor when 
he first caught sight of the specimens that lay by the sidewalk in 
Greenfield, twenty-five years ago, and whose description laid the foun- 
dation of the remarkable Ichnology of the Connecticut valley. How 
often have similar remarka been made by inlelligent men the first time 
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they have passed through an Ichnological gallery ! Yet every geolo- 
gbt knows how deceptive such first appearances are, especially when 
seen by men not accustomed to palseontological investigations ; and 
hence multitudes of intelligent men believe firmly that they are look- 
ing upon petrified wood, which the mineralogist knows to be some 
variety of amphibole, horns of deer and stags and petrified wasp 
nests, which the zoologist is sure are ancient corals (CyathophyUa and 
Columnarise), and petrified rattlesnakes, which the botanist refers to 
the stems of tropical plants. Not until such supposed resemblances 
are made to pass the ordeal of scientific investigation, are they of 
much consequence. How is it with the supposed bird tracks when 
brought to such a test ? 

I confine this inquiry to the fourteen species of Lithichnozoa, which, 
in my Ichnology of New England, I have described under the name of 
Pachydactylous or thick-toed Birds, whose tracks show only three toes 
and a uniform and definite number of phalangeal impressions. The 
evidence as to the ornithic origin of these is stronger than in respect to 
any others in the Connecticut valley, or anywhere else. The argument 
to show these creatures to have been birds, is so well presented by Sir 
Bichard Owen in his Palaeontology, that I use his language, which, 
though confined by him to the largest species (Brontozoum giganteum), 
is equally applicable to them all : " The impressions," says he, '^ succeed 
each other at regular intervals : they are of two kinds, but difier only 
as a right and left foot, and alternate with each other, the lefl foot a 
little to the left, and the right foot a little to the right of the mid 
line between a series of tracks. Each footprint exhibits three toes, 
diverging as they extend forward. The distance between the tips of 
the inside and outside toes of the same foot was twelve inches. Each 
toe was terminated by a short strong claw projecting from the mid 
toe a little on the inner side of its axis, from the other two toes a little 
on the outer side of theirs. The end of the metatarsal bone to which 
those toes were articulated, rested on a two-lobed cushion, which sloped 
upwards behind. The inner toe showed distinctly two phalangeal 
divisions, the middle toe three, and the outer toe four. And since in 
living birds, the penultimate and ungual phalanges usually leave only 
a single impression, the inference was just, that the toes of this large 
foot had been characterized by the same progressively-increasing num- 
ber of phalanges, from the inner to the outer one, as in birds. And as 

13* 
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in birds also, the toe with the greatest number of j<Mnt8 was not the 
longest; it measured, e. g. 12^ inches, the middle toe from the same 
base line measured sixteen inches, the outer toe twehre inches. Some 
of the impressions of this huge tridactjlous footstep were so well pre- 
serred, as to demonstrate the papillose and striated character of the in- 
tegument covering the cushions on the under side of the foot Such a 
structure is rery similar to that in the ostrich." — Pedteontolo^i p. 289. 

The point of this argument drawn from the number of phidangeal 
impressions, which from the first we had used in our reasoning, and 
which Professor Agassiz long ago proposed as a sort of experimerUmn 
cruets (Am. Journal of Science, Vol. 3, ir. s., p. 79), must be regarded 
as its strongest part Yet recent discoveries have brought to light 
tracks, most evidently quadrupedal, which are tridactjle, and show 
probably the same number of phalangeal impressions. Thus, the 
Anomoepous, though it had five toes on its fore foot, had a hind foot, 
which, separated from its long heel, exceedingly resembles the foot €i 
what has been regarded as that of a thick-toed bird, and probably, 
though I do not feel quite clear on this point, the toes had the same 
number of phalanges. (See Plate VIII. of my Ichnology). So the 
hind foot of the Apatichnus, although it has a narrow fourth lateral toe, 
exceedingly resembles that of a bird ; yet the number of its phalanges 
has not been determined. Both the hind and fore feet of the Plesionns 
show three principal broad toes, almost exactly like those of birds, 
although specimens brought to light since the publication of my Idmd- 
ogy, exhibit a small fourth lateral toe. 

These facts open an interesting field of inquiry, and by some they 
are regarded as overthrowing wholly the argument for the ornithic 
origin of all the tracks founded on the phalangeal impressions. Bat 
this seems to me too hasty a conclusion. For in the first place, some 
living lizards have only three toes on their front feet, and probably 
the extinct Rhynchosaurus had the same number on both its feet, and 
was even more closely allied to birds in some other respects, espedaQy 
the nearly edentulous character of its jaws. Secondly, in existing lizards, 
both Loricoid and Saurian, the phalanges in the three outer toes, when 
there are only four toes in the foot, and in the three middle toes when 
there are five, correspond to those of birds ; namely, 3, 4, 5, so that if 
these animals' feet were so modified, as probably they sometimes were, 
in sandstone days, that they became tridactyle, the inner and outer toes 



GEOLOar AND PALEOMTOLOGT. 151 

would be those most likely to disappear, and the other three Fio. 8. 
would correspond to those of birds. Thirdly, the fact so ^ A j 
clearly established, both by tracks and other fossils, that a 6^ 
large part of ancient animals belonged to groups in which 
were blended characters now found in several classes; 
those found for instance in marsupials and birds, birds 
and batrachians, or lizards, &c., furnish a more reasonable 
explanation of anomalies in tracks than to deny the ornithic 
origin of all of them. On this point, however, I shall en- 
large shortly. But fourthly, the fourteen species of tracks 
under consideration exhibit no anomalies, and correspond . 

exactly to those of living birds, except perhaps in the iM 
greater distinctness of the phalangeal impressions. Finally, 
there is the most decided evidence that these animals were 
bipeds and not quadrupeds, as we must suppose if they were 
not birds. I have now seen a thousand, yea, I doubt not 
several thousands of these tracks, many of them most dis- 
tinct in every part, and generally in rows, yet never have I 
seen a trace of a fore foot If only a few of them had been 
found, it might be probable that the fore foot would yet be 
discovered ; but now it is extremely improbable. Alike im- 
probable is it that the track of the fore foot has been in all a] 
cases obliterated. Look at such a row of tracks as that 
shown on Fig. 3, on the margin, which was copied from a 
slab in my ichnological cabinet, eight feet long, the stride 
being twenty-four inches, and inquire whether such an oblit- 
eration is probable? And is it probable that tracks so 
exactly like those of a long-legged wading bird were made 
by a quadruped ? It seems to me that every zoologist will 
say that it is hardly possible. Finally, the presumption is, 
that birds existed during the period of the Connecticut River finn 
sandstone, if we admit, as I have endeavored to show in my ^^ 
Ichnology, that it embraced the Oolitic period. For mar- 
supials existed then, regarded as still higher on the zoological 
scale ; and Professor Owen has described a fossil bird of the 
size of the woodcock, from the Green Sand of Cambridge in 
England, which some place in the upper part of the Oolitic 
series. There is, therefore, no longer a presumption against 
the existence of birds in our sandstone as there was when I 
first described it as triassic. 
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The evidence of the ornithic origin of the seventeen 
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species of T?hat I have denominated narrow-toed birds, is certainly not 
as strong as in respect to the group that has been described ; because 
the phalangeal impressions are wanting. Indeed, some of the trades 
of these narrow-toed bipeds have such a resemblance to the feet of 
some lizards, that I anticipate the discovery of front feet, and their 
consequent removal into the quadrupedal if not the lacertian dass. 
But if we are satisfied that there were thick-toed birds in sandstone 
days, the analogies of living animals would infer the probable existence 
of the narrow-toed also ; and when we find so close a resemblance to 
the tracks of living narrow-toed birds among the fossil foot-marks as in 
the Ornithopus, Platyptema and Tridentipes, it seems feir to conclude, 
until the contrary is proved, that some of them were made by birds. 

While, therefore, in some respects the argument for the ornithic 
origin of our foot-marks has been weakened by subsequent discoveries, 
in other respects it has been strengthened ; and while I would not be 
dogmatic on such a subject, it seems to me to be quite premature to 
abandon my opinion ; which, however, I am quite ready to do when 
the analogies of science demand it 

Fourthly, I would make a few remarks upon the evidence furnished 
by Ichnology, of the existence of animals during sandstone days, of 
types intermediate between existing classes, or rather embradng char- 
acters now found only in two or more classes. 

The progress of Palaeontology, irrespective of tracks, has multiplied 
examples of such intermediate animals exceedingly, and shown us that 
the older the formation the more anomalous probably will be the ver- 
tebrate animals, which they contain. The Sauroid fishes recur at once 
to our recollection, which, according to the phraseology of Agassiz, were 
the prophetic types of Saurian reptiles. Then there came the Ichthy- 
osaurus and Plesiosaurus, the first of which, to use the language of 
Dr. Buckland, ^^ united in itself a combination of mechanical contriv- 
ances which are now distributed among three distinct classes of the 
animal kingdom.'^ Still more remarkable was the Pterodactyle, " of all 
the creatures of the ancient world," says Cuvier, ^ incontestably the 
most extraordinary.** Then there was the Archegosaurus from the coal- 
measures, whose ^ head might be that of a fish as well as that of a 
lizard, or of a batrachian," according to von Meyer, and which seems 
to have been ^ a transitional type between the fish-like batrachia and 
the lizards and crocodiles," according to Groldfuss. The Labyrinthodon 
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of the new red sandstone, according to Owen, ''had the essential bony 
characters of the modem hatrachia, but combined these with other 
bony characters of crocodiles, hzards, and ganoid fishes." The skull of 
the Rjnchosanrus ^ has brought to light modifications of the lacertian 
structure leading towards chelonia and birds, which were before un- 
known." — Owen* 

A great desiccated inland sea in Central Africa has brought to light 
in the Dicjnodon, ^ a race of reptilian animals presenting in the con- 
struction of their skull characters of the crocodile, the tortoise, and the 
lizard, coupled with the presence of a pair of huge sharp-pointed tuskS| 
growing downwards, one from each side of the upper jaw, like the tusks 
of the mammalian morse." — Owen. 

Sir Richard Owen has given a general view of this subject in rela- 
tion to reptiles, when he sajs, that '' a more generalized vertebrate 
structure is illustrated in the extinct reptiles by the affinities to ganoid 
fishes, shown by the Ganocephala, Labyrinthodontia, and Ichthyopte- 
rigia ; by the affinities of the Pterosauria to birds, and by the approxi- 
mation of the Dinosauria to mammals. It is manifested by the com- 
bination of modem crocodilian, chelouian, and lacertian characters in 
the Cryptodontia and Dicynodontia, and by the combined crocodilian 
and lacertian characters in the Thecodontia and Sauropterygia." 

Now, with so many examples before us, we ought to expect to find 
evidence of the like intermediate structures in the Lithichnozoa. They 
have, indeed, struck me from the conmaencement of my ichnological 
researches, and the application of this principle to the anomalous tracks, 
has resulted in far more satisfactory conclusions as to their origin than 
could otherwise be reached. Thus, when we look at the hind foot of 
Anomoepus, we are strack with its resemblance to the foot of a bird. 
But when we see its five-toed front feet, its long heel, and its blunt, 
stout tail, we are sure it must have been a marsupial, or a lizard, with 
an oraithoid type. So in the tridactylous (possibly tetradactylous) Plesi- 
orais, the shape of the foot, and perhaps even the number of phalanges, 
lead us at first to say that the animal was a bird ; but when we find 
that it had four feet, and pellets instead of claws on at least one species, 
we conclude it to have been a batrachian of an omithoid type. An in- 
spection of the feet of Anisopus, having the same number of toes and 
phalanges, and in one species a part of the claws wanting, leads us to 
regard the animals as closely allied to the crocodilia. But when we 
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see how unequal are its feet, how nearly on a right line the animals 
walked, and with what long steps, we are led rather to the marsupials, 
and hence to call them Loricoid Marsupials. The foot of the Gigan- 
titherium looks much like that of a thick-toed bird, though the curved 
character of the small hind toe might suggest an analogy with lizards. 
But the tail trace drives us either to the lizards or marsupials ; and the 
£act that the animal moved nearly on a right line, excites a strong pre- 
sumption that it was a marsupial, since no living lizard walks thus. 
No fore foot has yet been brought to light. So like that of a bird ap- 
pears the principal track of Apatichnus, that the occasional presence of 
a tetradactylous small fore foot was overlooked ; also a tail trace. But 
all the facts at length forced us to the conclusion that the animal was 
an omithoid lizard. 

I might add to these examples ; but those adduced are sufficient to 
show how important in ichnology is this principle of former interme- 
diate types of animals. From so narrow a source of information as 
tracks alone, we may not in all cases be able to say which class of char- 
acters predominated in the animals, and therefore may fail to refer 
them to the right class. But the principle does at least explain satis- 
factorily certain anomalous characters in the foot-marks otherwise inex- 
plicable, and shows us that ichnology leads to the same conclusions as 
palseontology in general. 

The fifth and last point on which I would remark, is the probable 
marsupial character of a large number of the Lithichnozoa. 

In my Ichnology, I have ventured to describe five species as mar- 
supialoid, without saying certainly that they were marsupials. But sub- 
sequent reflection increases my conviction, not only that these species 
were marsupials, but that I might with strong probability have referred 
many other species to the same class. I will briefly state my reasons 
for this opinion ; premising, however, that one of the species which I 
have placed among the marsupialoids, I am inclined to regard as still 
higher on the manmiiferous scale, perhaps even as high as the camivora. 
I refer to the Cunichnoides marsupialoideus, which I placed among the 
marsupialoids, chiefly from the supposed though somewhat doubtful in- 
equality of the front and hind feet But in every other respect they 
correspond more nearly with such an animal as the dog. 

My reasons for presuming that a large number of the Lithichnozoa 
will turn out to be marsupials, are the following : 
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The marked inequality of their front and hind feet affords Fio. 4. 
a slight ground for this presumption, because such is the*^ ^ 
character of many living marsupials. Out of fifty-five^*^ 
species of quadrupeds described in my Ichnology, from their 
tracks, twenty-five at least had unequal feet. This was the 
case, also, with many of the lizards and the batrachians, and 
therefore we need other analogies to give much strength to 
the presumption that they were marsupials. a 

The narrowness of the trackway affords a still stronger pre- J^ fny 
sumption that those Lithichnozoa, which show this character, C^ 
were mammals, if not marsupials. Take an example in Fig. 
4, on the margin, which is a fiedthful representation of the 
track of Anisopus gracilis in the ichnological cabinet The 
slab is four feet long and the stride ten inches. It seems to 
me quite certain that no living lizard or batrachian could 
walk so nearly on a right line as these tracks are placed. ^ 
But mammals with long legs, such as the cat and dog, do \\1yl!y 
thus walk. It requires long legs ; and such as living lizards 
and batrachians possess must make two rows of tracks wide 
apart. A few lizards, such as the Fhylliurus cuvieri, might 
bring their feet more nearly into a line than is usual, because 
their legs are longer ; still they would not make any such 
rows as the Anisopus and many other fossil species have lefl. . 

Taking these facts in connection with the unequal feet of j^ /fy 
many of the species, is not their marsupial origin made 
probable ? 

I had thought that even where the above two characters 
were present in the footmarks, yet we must refer the ani- 
mals to lizards or batrachians, if there was also the trace of 
a tail. But I am informed by Rev. George Cook, late 
president of the college in Eastern Tennessee, who has had 
opportunities to learn the habits of the opossum, that this n|^ (^ 
animal almost always leaves the trace of its naked tail upon 
the ground, and that this is the mark by which the hunters 
distinguish the tracks of this from those of other animals. 
Hence I should regard as probably marsupial those Lithich- 
nozoa that have unequal feet and leave a narrow trackway, 
even though they have left a taU-trace. 

The recent discovery of numerous genera and species of j/h 

marsupials in the oolite of Europe, and of some even further CJ^^ 
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down in the rocks, in Germany and North Carolina, gives increased 
plausibility to these suggestions as to the Lithichnozoa. For it is thus 
made probable that the marsupials were numerous in the period when 
the Lithichnozoa flourished. True the former were quite small, so ftr 
as jet discovered. But they may have had contemporaries as large as 
the Gigantitherium and Otozoum. 



4. On certain Conglomerated and Brecciated Traghttic 
Dtkes in the Lower Silurian Rocks of Shelburne, in 
Vermont; with Special Reference to the DEamsB of 
Heat at the Time of their Production. By Professor 
Edward Hitchcock. 

Chittenden county in Vermont, lying along Lake Champlain, coor 
tains an unusual number of dykes of trap, and some whidi cannot be dis- 
tinguished from Trachyte. Shelbume, a few miles south of Burlington, 
abounds in them. But I wish to call attention to only one of them of 
the trachytic type, because it seems to me that it affords us the means 
of determining the maximum temperature that existed in it when 
formed. This dyke is at Nash's Point ; it is nearly thirteen feet wide 
in some parts, and at its east end the surrounding rocks have disap- 
peared, and it stands up as a wall along the beach, considerably wwn 
away on the sides, and breached in one or two places. The north side 
or wall of the dyke, two feet thick, is composed of a dull white tra- 
chytic rock, evidently partially decomposed. The south wall is of the 
same material, about a foot thick. The intermediate space between 
these walls, several feet thick, is occupied by a conglomerate or breccia, 
a part of the fragments being quite angular, and a part decidedly 
rounded or water worn. The fragments vary in size from that of a 
pea to those four or five inches long, and consist of granite, gnass, 
hornblende schist, with garnets, quartz, gray (Potsdam ?) sandstone, red 
rock (Oneida conglomerate ?), and Trenton or black limestone. The 
cement consists of the same materials comminuted and mixed with the 
trachyte. 

We are compelled to call this rock trachyte, because it has the lithe- 
logical appearance and the chemical composition of that rock. We are 
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indebted to our friend, Mr. George F. Barker, late assistant in the 
Tale Laboratory, for the following analysis of it, to which we have added 
for comparison an analysis of the Drachenfels trachyte, and of trachytic 
conglomerate from Ofenkuhlen : 

from SlMlbiinie. from th* Praohenftlf. Tnohjtio ooiiglom«r»fee. 

Silica, . . 67.30 

Almnina and iron, 19.10 . 

Titanic add, 

Lime, . . 0.79 . 

Ifagnesia, . trace 

Potasia,. 4.74 . 

Soda, . . . 6.04 

Loss hj Ignition, . 1.70 . 

99.69 99.99 99.98 

The specimen analyzed from the Shelbume dyke was from the wall 
and not the conglomerate. It is somewhat porphyritic, and the im- 
bedded crystals may be ryacolite, though more probably orthoclase. It 
must be trachyte we think, though as old probably as the Devonian 
period. 

It is difficult to resist the condnsion that this dyke was at first 
entirely occupied by conglomerate, and that the trachyte of the walls 
was produced by the melting down of the fragments ; while in the mid- 
dle the heat was not great enough to do this, and therefore the con- 
glomerate remains. If so, the heat must have been communicated from 
the rock containing the dyke, and not the reverse, as is generally sup- 
posed to have been done. 

Fortunately, the nature of the fragments in this conglomerate fixes a 
Hmit, beyond which the heat could not have passed. The black lime- 
stone fragments still retain apparently all of their carbonic acid. Indeed^ 
carbonate of lime seems to be diffused more or less through the whole 
rock, since it effervesces somewhat with acids. But had the heat ex- 
ceeded redness, or 1000^ of Fahrenheit, the carbonic add would have 
been expelled, as in a lime-kiln. Near the source of heat, that is, the 
enclosing rock, it may have been higher ; though if water with alkalies 
were present, it need not have been higher to change the conglomerate 
into felspar. 

To point out the facts and conclusions in the last paragraph, was the 
main object of this paper. But if any inquire, as is natural, how a 

TOL. xrv. 14 
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dyke could have been filled with fragments, some of which, if not ally 
have been rounded as pebbles now are by water, we find it veiy diffi- 
cult to answer satis&ctorilj. The fragments were derived from the 
older Silurian and Azoic rocks around Lake Champlain. They could 
not obviously have been torn off from such rocks lying above one 
another in the earth's interior, and thrust upward by the ascending 
melted matter ; for in that case none of them would have been rounded. 
They must, therefore, have been introduced from above. If a cradc 
were now to open beneath the present Lake Champlain, where detritus 
has accumulated on its bottom, by the aid of currents, it would ere 
long become filled with materials not much unlike those in the tra- 
ch3rtic dyke. Suppose such a crack did open in early times, beneath 
an ocean whose bed was strewed with detritus ; and suppose the walls 
of that crack to have had a temperature high enough or to have been 
subsequently raised to that temperature, aided by the hot water above, 
partially to melt and metamorphose the contents of the dyke. If any 
deem this supposition absurd, we can only say that we hope they have 
one more probable to take its place. We have no other to suggest 



5. Additional Facts respecting the Clathropteris of East 
Hampton, Massachusetts. By Professor Edward Hitch- 
cock. 

This fossil fern was discovered by my son, Edward Hitchcock, Jr., 
and described by him in the 22d volume (n. s.), of the American Jour- 
nal of Science. It occurs on Mount Tom, in East Hampton, where a 
new locality was discovered by him in 1859. Being about to leave for 
Europe, he has requested me to state to the Association the new ftcts 
respecting this fern, which he supposes the American localities have 
added to the description given by Adolph Brongniart, in his VegeUmx 

1. The radiation of the fronds at the top of the fern, as is common 
in tropical ferns. We have now so many specimens exhibiting this 
character as to prove it beyond all question. 

2. A great and persistent rigidity of the fronds ; so that they are 
almost as often found lying across the lamin» of the rock as in coin- 
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cidence with them. This fact can be explained only hj supposing 
that the accumulation of sand around the prostrate fronds oflen did 
not flatten them down, because so rigid. 

3. The stems below the fronds, from half an inch to four or five 
inches across, are common at the new locality ; and though no speci- 
mens have been found connected with the fronds, no other plant occurs 
there, and it is reasonable to suppose the two once united. 

4. In some instances these stems proceed from a common base in 
directions more or less radiated ; showing that several of them grew 
firom the same root 

5. The scolloped or perhaps toothed margin of the fronds. 

6. Fructification. A few fronds have been found with dots upon 
them resembling those on the polypodium. 



€. Upon a Diatomaceous Earth from Nottingham, Calvert 
Ck>., Maryland. By Christopher Johnston, M. D., Bal- 
timore, Maryland. 

P. T. Tyson, Esq., of Baltimore, very kindly sent me for exami- 
nation a specimen of " Tripoli " from Nottingham, that proves to be an 
extremely rich diatomaceous earth, containing forms which, if they do 
not demonstrate its identity with the celebrated Bermuda Tripoli, are 
sufiicient to establish its very close resemblance to the latter, as well 
as the relationship which many diatomists have recognized as existing 
between the Bermuda Tripoli and the well-known Richmond Earth. 
Indeed, I feel assured that the Nottingham is the equivalent, at the 
least, of the Bermuda Tripoli ; and that both, if these be ttooy are 
derived from the same deposit, which doubtless merges south-westward 
into the Virginia be4. It may not be amiss to state, in this place, that 
last summer I visited Bermuda-Hundreds, on the James River near 
City Point, for the express purpose of finding, if it there existed, the 
famous Tripoli which bears its name ; but my efforts were entirely 
fruitless. 

In the Nottingham Earth the genus Heliopelta is numerously repre- 
sented ; and this genus, together with the species Craspedodiscus elegans, 
is characteristic of the Bermuda, or, at least, have not been found in any 
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other deposit as £Eur as I am informed. The Nottingham Earth also 
contains Aulacodiscus Crux, the importance of which is less consid^- 
able than the preceding; and other forms, as Actinoptychofl, Goni- 
othedum, Gallionella, Actinocjclus, Pyxidiculay etc^ which are by no 
means peculiar to the Bermuda, but are met with elsewhere, especially 
in the Richmond earth* 

It gives me great pleasure to offer the corroborative opinions oi two 
gentlemen of much distinction as Scientists. 

Arthur M. Edwards, Esq., writes me as foUows : ^ Your note of the 
14th Maj, with the enclosed specimens, came duly to hand. The 
Nottingham Earth is an important discovery, and it corroborates my 
supposition that the celebrated Bermuda Tripoli came &om the same 
deposit Your earth is very near the Bermuda." 

Through the kind offices of Dr. S. Durkee of Boston, I am in 
possession of the subjoined highly valuable letter from Charies Stodder, 
Esq., of the same dty, and cabinet keeper ci the Boston Natural 
History Sodety. 

B08TOH, 20tfaMa7, 1^^- 
^ Dear Sir : — I find in the Nottingham Earth fh)m Dr. Johnston 
the following genera and species : — 



CoednodiBciu Ocolas Iridii. 
" Apicolatns.* 



U 



tt 
it 



Lineatos. 
Mai^inatos ? * 
Actinoptjchiis Vemtas.* 
" Senarius.* 

*' Dives. 

Actinocyclns, a ^at variety. 
Heliopelta Ealeni.* 

" Leenwenhoekii.* 
Metii.* 
Selligneril.* 
Craspedodiflcas £legan8.* 

" CosdnodisciiB. 

Eapodiscas Bogenii.* 
Oitbosira Marina ( W. S.). 
Septroneis Cadaoeiu.* 
Tnoeratiom Reticnlatam.* 
" Pileolufl. 
" Acatnm.* 
" ObtoBam.* 
" Condeconun.* 
" Solenoceros. 
Goniotheciam Odontella.* 

" Bogenli.* 

Hastogonla Ocnliu chameliontis.* 
Actinoptjchns. 



« 



Pvxidicala Cradata* and other species. 

Pleiirosigma. 

Sys^hania Corona.* 

" DiadenuL* 
Navicnla Didyma ^small).* 
OmphalopeUa Cellalosa. 
Rinoselina. 

Periptera, like Bailey's unnamed fig. 15. 
Bapnoneis.* 



Kot Diatomes. 



Dictyocha Qoadrattun.* 
Ponticalam. 



it 



Folycystuuu 



Hal^caliptra Yiiginica. 
Hahomma — ? 
Encrytidiiiin — — ? 



Those marked with an asterisk were 
mentioned by Bailey in his ori|rina] pa- 
per as having been fbond in " Bermada 
Earth." 
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Mr. Stodder proceeds to say, "If these do not prove the earth to be 
identical with the Bermuda, it is more like it than any other I know of. 
A few of the species have not been fonnd in the Bermuda to my 
knowledge; Actinoptychus dives is a very pecaliar species, found by 
Ehrenberg in Aegina Earth, not in the Bermuda. Craspedodiscus 
elegans, I believe has never been discovered except in the Bermuda — 
the same remark applied to the whole of the genus Heliopelta until a 
few months since, when I found a specimen of H. Leeuwenhoekii in 
the Virginia Earth. The variety of Coscinodisci and Actinocycli is 
very great, and will require much study to work them out" 

Tlius, it is highly probable that we have re-discovered the lost 
locality, since all evidence declares the striking similarity, if not identity, 
of the Nottingham earth of Maryland and the Bermuda Tripoli. 

I am informed by Mr. Tyson that the bed, to which attention is 
called in this paper, varies fronk seven to thirty feet in thickness ; and 
that the extent of the formation, as far as at present known, is about 
twelve miles from north to south, and seven miles from east to west. 
Mr. Tyson has not, as yet, been able to determine whether it belong 
to the upper Eocene or the lower Miocene. 



7. Descbiption of a new Tbilobite fboh the Potsdam 
Sandstone. By Feank H. Bbadley, of New Haven, Conn. ; 
with a Note by E. Billings, of Montreal, Canada. 

Conocephalites minutus (n. sp.). 
Fio. 1. Fio. 2. Fig. 3. 



P**H 





Fig. 1. The head magnified. The dotted lines represent the supposed outlines 
of the parts not preserved. 
Fig. 2. The pjgidlam magnified. 
Fig. 8. A detached cheek, magnified. 

Cephalic shield apparently semi-circular, or nearly so; anterior 

14 • 
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margin, as fkr as preserved, with a narrow slightly elevated rim, jost 
within which there is a rather strong groove. Glabella conical, 
slightly narrowed at the neck segment, three fourths the whole length 
of ^e head, very convex and obtusely carinated along the median 
line. Neck segment rounded and prominent; neck furrow narrow, 
but well defined. There are two pairs of deep glabellar furrows which 
are inclined inwards and badLwards at an angle of about 45^ ; their 
inner extremities distant from each other rather more than one third the 
width of the glabella. The anterior lobe is a little less than one half 
the whole length of the glabella, exdudbg the neck segment; the two 
posterior pairs are nearly equal to each other. The glabella is dis- 
tinctly separated from the cheeks by a narrow, deep groove, whidk 
extends all round. From the anteri<Nr lobe on each side a narrow 
filiform ridge curves outwards and backwards on the fixed cheek to 
the edge of the portion preserved. The eyes qppear to be utuated 
just where these ridges terminate as represented in Fig. 1. Judging 
firom the portion of the eye preserved in a detached cheek-plate, its 
form is semi-annular, and its length at kast one fourth that of the 
glabella. Its distance must be at least one half the width of the ^a* 
bella. Caudal shield nearly as large as the head, its width scarcely 
equal to half its length ; the Idbes nearly equal ; the middle lobe very 
convex with five sharp transverse grooves ; the side lobes somewhat 
fiat, and each with five grooves. 

The largest head discovered is exactly two lines in length. 

The course of the facial suture hi^ not been ascertained. The sur- 
face of the glabella in one of the specimens appears to be smooth, but 
in none of the others can it be distinguished. 

The specimens are mostly in a clayey layer, which is full of frag- 
ments of all degrees of perfection ; in one specimen I count ten heads 
and three tails, all in a &ir state of preservation. In two instances, I 
have found the casts of maxillary plates, showing distinctly the ele- 
vated margin, of one of which I give a figure. 

The original specimens were collected (at High Bridge, near Keese- 
ville, N. Y.) in August, 1856, while on a geological excursion with 
CoL Jewett of Albany, but were not recognized until July, 1857, when 
a second visit to the locality secured a few casts in the solid sandstone, 
none of the clay layer being obtained. By the kindness of Prof. 
J. D. Dana, the specimens were presented at the American Association 



OBOLOOT AND PALEONTOLOGT. 163 

for Advanoement of Sdence at Montreal^ but were not recognised as 
belonging to any known species. Since that time, I have looked for 
descriptions, but cannot find any to correspond. 

At the same loealitj, I also procured the cast of a Pleurotomaria, and 
one of what seems to have been a plate from the stem of a crinoid. , 

I^<^ by JS. BilUng$, — Mr. Bradley haying favored me with a view 
of his very interesting specimens, I think there can be no doubt but 
tkat they belong to the genus ConocepkaUUs, If this reference be 
correct, then we have at least three, if not four species in North 
Ajnerica. 

1. C. caUiquatus (Salter), described from ^^ a cast in a brown sand« 
stone, said to be a bouldered fragment from Georgia." (See Quart. 
Jour. Greol. Soc vol. XY. p. 554.) 

2. C* minutm (Bradley). In this species, the form of the glabella 
and its proportions in relation to the length of the head are almost 
precisely the same as in (7. antiquaiusj and yet I think the two are 
not identical, for the following reasons : In the first place, all the speci- 
mens of C minutm are of a nearly uniform size, the length of the 
head being about two lines, and, therefore, it seems probable that they 
are the remains ci adult individuals. The total length would thus be 
about half an inch, while Mr. Salter's species is full one inch and three 
fourths. In the second place, the distance of the eye from the glabella, 
in (7. antiquatm b only one third the width of the glabella, but in C, 
tninutus it must be at least one half the width. These are the only 
differences that can be well made out, fVom the imperfect specimens, 
but they seem to me sufficient to indicate two species. Mr. Salter says 
farther, that the lobes of the glabella in (7. antiquatus are very 
obscure, and that the ocular ridge, if any existed, must have been very 
sHght His specimen was somewhat abraded. In C, minutus the 
oeolar ridge is, for so small a species, very strongly defined, and the 
glabellar furrows are so deep that it would require a very considerable 
amount of abrasion to obliterate them. 

3. C, Zenkeri (n. sp.). This is a new species recently discovered 
in the magnesian limestone near Quebec It will probably be described 
in tiie next number of the Canadian Naturalist and Geologist 

4. There is in the collection of the geological survey of Canada, a 
plaster cast of the surface of a fragment of rock which holds four 



164 B. NATURAL HISTOBT. 

specimens of a trilobite, each aboat the size of C. aniiquaius. 'Hiey 
appear to me to belong to the genus Oonocq>kcdites. The original 
specimen was collected in Newfoandland, in the same slate that holds 
Paradoxides Bennettii (Salter), and I am informed that it is in the 
possession of a gentleman who Htcs somewhere in the United States, 
but whose name or place of residence, I have not been able to ascertain. 
Of the above four species, Mr. Bradley's is at pres^it the most 
important as it fixes indisputably, at least one point in the geological 
range of the genus on this side of the Atlantic In Europe, (hruh 
cephalites has not been found out of the primordial zone of Barrande, 
but the Quebec and Keeseville specimens show that here it readies the 
Lower Silurian. 

Additional Note by E. BilUngs,'-^ Since my note to Mr. Bradley's 
paper was written, he has collected quite a number of new specimens 
of O. minutus at the same locality. At his request I have examined 
them and find that they exhibit several of the parts not preserved in 
those upon which the original description was founded. 

Fio. 4 (Nat. size). 




Fig. 4. a A detached cheek, showing the small spine of the posterior angle. 

b c Two specimens of the glabella, showing the spine on the neck segment 

1. The posterior angles of the head are produced into short spines, 
as we supposed, but these spines, instead of being elongate-triangular 
are sub-cylindrical or needle-shaped and projected outwards at an 
angle of 45^ or thereabouts, to the longitudinal axis of the body. The 
cheek does not appear to be striated but rather smooth. These two 
characters furnish additional grounds for separating the species horn 
O. antiquatus (Salter), which has the cheeks striated and the posterior 
angles of the head only slightly produced into short bixmdly triangular 
terminations. 

2. The neck segment bears a short broad-based spine. The first 
specimens collected do not exhibit this, but on reexamining them I 
think I can see traces of it Some of the specimens of (7. coronatus 
(Barrande) lately collected in the Primordial Zone of Spain have a 
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« 

spine on the neck segment of the same form as that of C minutui^ 
while others (according to the figures) have not ; and it maj be that 
individoals of our species will yet be discovered in which the absence 
of the spine can be dearlj established. This remark is made here 
because on comparing the figures of the Bohemian and Spanish speci- 
mens of O. coronatui it would appear that the presence or absence of 
a spine on the neck segment is not always of specific importance and 
should some of those from Keeseville turn out to hare only a plain 
neck segment, we would not perhaps on that ground alone be author- 
ized to constitute two species.* 

3. Mr. Bradley's new specimens also show that there are three 
pairs of glabellar furrows, the anterior being represented by two small 
indentations just in advance of the points where the ocular ridges reach 
the glabella ; and further that the course of the facial suture is the 
same as it is in O. strtaius (Emerich). Th^pygidium is more obtusely 
rounded than is represented in our Fig. 2. 

As to the correctness of the generic reference of this species, it may 
be remarked that Barrande is of opinion that no less than eleven of 
those which Angelin has figured under the genera Solenopleura, Eryxy 
Conoeoryphe^ and Harpidu should be placed in Conococephalitet. In 
this view of Barrande's, Angelin has concurred.! The genus has 
thus been greatly extended, and judging from the form of the head 
(and more particularly of the glabella) of Angelin's species G, brachy' 
metopu$y C. hamdotopuiy and 0. canalictikUuiy I think we are perfectly 
justified in referring this species to ConocephaUtes. The genus is most 
closely allied to CalytMney having the same number of segments in the 
thorax — the same number and arrangement of pieces in the head and 
the same general form and lobation of the glabella, the difierences 
between the genera consisting principally in certain characters of the 
pleurae and hypostomat to which may be added the ocular ridge 



* Compare the article, Sur Vexutenee de la faxme prifHordiale dom$ la chaine canto- 
brique, par M. Casiano de Prado ; snirie de la De$cnptum des JbesUes, par MM. de 
Yemeoil et Barraode. Bulletin Geol. Soc. France, 2e Series, vol. xvii. p. 516 
(1860). And also Barrande's Sytteme Silurimt plate 13. 

t See Barrande's ** ParaU^leaUre Usde'pdU SUuriens de Bohimeet de ScaruUname," 
p. 19 ; and compare the tables on pp. 17 and 35 of the same work. See also, An- 
gelin's PakeorUoloffia Scandimwica, 

X See Barrande, ** Systime Silurien du centre de la Bohime,'* pp. 417-419. 
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which although not a constant character in CanocephaUteSf may be 
regarded as of some generic value, as it does not occur at all in 
Calymene, I would also state, that since examining Mr. Bradley's 
recent collection, I have been strongly impressed by the resemblance 
between the form of the cheek and small needle-shaped posterior 
spines of C, minutus and the same parts of the head of the Quebec 
species which I have called Menocephalus globosusy and it appears 
to me that Menocephaltu must be regarded as another closely allied 
genus. If we except those two genera, Calymene and Menocephalus^ 
there is no other but Conocephalites to which our new trilobite 
bears any near affinity. 



n. PHYSICAL GEOGRAPHY. 

1. Remarks on thb supposed Open Sea in the Arctic Ee^ 
GiONS. By W. W. Wheildon, of Charlestown, Mass. 

That which has frequently been suggested in the geography of the 
Arctic regions as probable, seems of late years to be freely admitted as 
a theory, namely, an open Polar Sea. In fact, such is now the evi- 
dence in support of an ameliorated climate around the North Pole, that 
the existence of an open sea, in or near the centre of the Polar basin, 
is regarded by many as an established fact in physical geography.* 

The theory of Lieut Maury, to some extent adopted by others, on 
this subject, appears to be that the waters of the Gulf Stream, are in 
some way, through Baffin's Bay and the Spitzbergen Sea, carried into 
the Arctic Ocean and by their influence maintain an open sea at or 
near the pole. He says, '^ there is an under-current setting from the 
Atlantic through Davis's Straits into the Arctic Ocean," and that 
" Wrangle's Polynia, to the north of Siberia, if it exist, probably owes 
its freedom from ice to the warm waters of the Gulf Stream, which 



* Some, howeyer, still doabt the existence of an open sea. A writer in the Edin- 
burgh Review, 1S57, says : " We are bound to say, howerer, that this notion of an 
open sea still awaits farther confirmation/' Dr. Rink (Royal Geo. Soc.) donbts 
the existence of an open sea, " assumed to be kept open by a branch of the Golf 
Stream, from Nova Zembla, down Smith's Sound to Baffin's Bay," &c. 
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run between Spitzbergen aod the North Cape into the Arctic Ocean.'' * 
Professor Bache seems to give some countenance to the theory here 
suggested.! ^^' Hayes has repeatedly expressed himself in favor of it ; 
but his great predecessor, Dr. Kane, believing in the evidence which 
points to the existence of a milder climate and an open sea near the 
Pole, is not disposed " to express an opinion as to the influence which 
ocean currents may exert on the temperature of those far northern 
r^ons." 

Without attempting any controversion of this theory, always so un- 
satisfactory, we may observe that it does not appear to be adequate for 
the purpose proposed, even if there were no other objections to it. It 
seems to us that, while the influence of the Gulf Stream, as such, has 
been unduly enlarged and overrated, as regards the Arctic Regions^ the 
influence of the Currents of the Axr^ beyond a certain parallel of lati- 
tude and beyond certain admitted purposes, has been mainly over- 
looked ; and we are unable, from such investigations as we have been 
permitted to make, to resist the conclusion that an open sea, or an 
ameliorated climate, at or near the position of the theoretic pole of the 
earth, is largely if not entirely dae to the currents of the air from the 
equatorial regions^ which move in the higher strata of the earth*s atmbS' 
phere, bearing heat and moisture with them. { 

The circulation of the air from the equatorial regions towards the 
poles of the earth, and thence to the equator again, for the purpose of 
modifying the cold of one region and the heat of the other, is no new 
theory, though it would seem that its proper influence, especially in the 
northern regions, where Iby far the most numerous explorations have 
been made, has never been fully admitted. Dr. Buist, more adequately 
perhaps than any other writer, admits this influence. Dr. Hayes re- 
cently said, in one of his public lectures on the subject, " If it can be 
shown, as assumed, that a milder climate exbts about the Pole, it must 



♦ Maniy, '• Currents of the Ocean," and Letter of Instruction to Lieut. De Haven. 

t In a recent letter (May, 1860) from Prof. Bache, he expresses his hope that Dr. 
Hayes may reach that open sea, '' where our great Golf Stream rests from its labors 
after carrying the warmth of the equator to temper the cold of the pole." 

X How far the flow of these currents of air from the exact position of the equator, 
or either north or south of it, may be aiiected by the physical constitution of the 
earth, and the disproportion of land between the northern and southern hemispheres, 
may hereafter be an interesting subject of scientific investigation. 
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be owing to the influence of open water ; " bnt Dr. Kane, in speaknig 
of the phenomena of the Arctic regions, more jnsUj remarks, "^ To 
refer them all to the modification of temperature induced bj the prox- 
imity of open water is onlj to change the form of the questi<m ; for it 
leaves the inquiry unsatisfied, What is the cause of the open water?" 
It is remarkable that the friend and follower of Dr. Kane did not see 
this difficulty, and the inconclusive nature of his remark. 

In offering some of the more prominent suggestions in support <^ the 
theory of the currents of air, perhaps the first to be spoken of is the 
prevalence of the warm element in winds blowing hxjm. the nc«tli and 
north-east (true). These winds, with some variations and still more 
uncertainty of compass-direction, are mentioned so generally by Arctic 
explorers, and confirmed by whalers and others, that the fact of the 
extraordinary presence of warm air in those frozen regions, in mid- 
winter, may be considered as fully established. The result obtained 
from the recorded observations of Dr. Elane, discussed by Mr. Sdiott, 
is, ^ that the south-east (magnetic), north-north-east (true) winds had 
the effect of elevating the temperature of the w even in the winler 
months, which [says Mr. Schott] may be supposed to hare arisen 
from its originating or blowing over a water area, partially open (this 
water would have a surface temperature of 29^ Fah.). The directi<m 
pomts across Washington Land and Kennedy Channel, as the seat of 
this influencing area.''* Sir Edward Parry also found at Melville 
Island, Winter Harbor, that the northerly winds were ohea warm. But 
the experience of Capt McClintock, in his recent successful voyage of 
search for the remains of Sir John Franklin's expedition, is still more 
remarkable, and his own suggestion, the first to be found reonded in 
any similar work, was welcomed by us as a most satisfactory illnstra- 
tion of a theory so long entertained.t The following is Capt. McGlin- 
tock's statement : — 

^' Nov. 1857, Melville Bay. 2dd. A heavy gale commenced at N. 
£. on the 21st, and continued for thirty-six hours unabated in force, 
but changed in direction to S. S. W. It appears to have been a revolv- 
ing storm, moving to the N. W. Yesterday, as the wind approached 



* Assistant Charles A. Sdiott, letter to A. D. Bache, dated Dec 4, 1859. 
t The writer has entertained his theory for many years, and made a public 
ment of it before Capt. McClintock sailed on his voyage. 
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S. E. the temperature rose to + 32® ; the upper deck sloppy ; the 
lower deck temperature during Divine service was 75** I ! As the wind 
veered round to S. S. W. the wind moderated, and temperature fell: 
this evening it is — 7®. How is it that the S. E. wind has brought us 
such a very high temperature ? Even if it traversed an unfrozen sea 
it could not have derived from thence a higher temperature than 29®. 
Has it swept across Greenland — that vast superficies partly enveloped 
in glacier, partly in snow ? Noy it must have been home in the higher 
regions of the atmosphere from the far south, in order to mitigate the 
severity of this northern climate, [The italics are ours]. 

^ Petersen tells me the same warm S. E. wind suddenly sweeps over 
TTpemavik in mid-winter, bringing with it abundance of rain ; and that 
It always shifts to the S. W.,* and then the temperature rapidly falls ; 
this is precisely the change we have experienced in lat 75®. I believe 
a somewhat similar, but less remarkable, change of temperature was 
noticed in Smith's Sound, lat. 78}® N." — pp. 63, 64. 

The constant occurrence of fogs throughout the Arctic regions, and 
especially towards the north, at all seasons of the year, is remarked by 
all explorers. Dr. Hayes says : 

^The record most commonly is, a most curious phenomenon was 
witnessed upon the north horizon: a heavy mist-bank floated there 
almost continually, and 'mist-bank in the north horizon' became a 
stereotyped entry upon our meteorological tables." 

If we suppose these fogs to be regarded, as they generally are, as 
arising from open water, they only go to indicate the existence of such 
open water, which they do not in any degree account for. Some of the 
lesser fogs are, no doubt, local, produced over small openings in the 
water, wherever such occur from any local cause, and these are some- 
times denominated " ice-smoke." Falls of snow and rain are of fre- 
quent occurrence, and in some cases of record are reported almost 
daily.f Storms of great violence rise suddenly, and in many cases as 
suddenly cease. It is remarked by some navigators, who have spent 

* The points of compass here given are probably magnetic, but these are so va- 
rionsly stated by explorers, in regions of sach great variation, that they are often 
unreliable and not to be depended upon. 

t Mr. Scfaott, in his paper on Dr. Kane's obeenrations, says: "In seventeen 
months [in one locality, Van Rensselaer Harbor], it snowed 680 hours, and rained 
during sixty hours* Snow fell in all the months of the year, but rain only in July." 

VOL. XIV. 15 
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months in the Arctic regions, that thej do not remember to have seen 
the seas and the horizon both free from cloud even in the clearest 
weather. In the year from September, 1858, to September, 1854, in 
lat 78*^ 40' about, Dr. Kane records only seTcnty-three dear days, 
averaging six to each month, the most of these in the winter mcHido, 
and the largest number (thirteen) in November. In the succeeding 
eight months, from September, 1854, to April, 1855, both months in- 
clusive, fifty-four clear days were noticed, seventeen of these in De- 
cember. Capt Beechey, June 26, 1818, says : " We had a fiJI of snow, 
and at noon, for the first time since crossing the Arctic circle, a shower 
of rain, which, although the summer was so far advanced, cased every 
rope in ice as it fell." The rain, as is often the case in lower latitudes, 
was warmer than the air. After the rain ^ the gale abated, and the 
next day it fell calm.** It would seem that these constant fogs and the 
frequent falls of snow and rain, and especially the changes from snow 
to rain (reported more particularly by Capt Parry and others), can 
scarcely be accounted for on any satisfactory basis without admittiDg 
the presence of warm air and moisture from the equatorial regions. 

There are in the northern regions of America, Europe, and Asia, a 
number of large rivers, which flow northwardly into the Arctic Ocean. 
These rivers must necessarily be kept open for a considerable portion 
-of the year, and the ice and snow which accumulate about their 
sources and along their banks, for their supply, must be melted by 
some influence, and their waters returned to the ocean — and this in and 
through regions of almost perpetual congelation. It seems to be almost 
impossible that the sun, during his continuance above the horizon and 
from the indirection of his beams, can exert sufficient power to effect this 
necessary purpose, either among the mountains or in lands whose gen- 
eral slope must be towards the Arctic Ocean. The warm air in the 
equatorial currents, and the warm rains which they bring, must do here 
that which the sun by his presence cannot possibly accomplish. 

The equatorial regions are considered to include, north and south of 
the equator, some forty-seven degrees of latitude ; and the air which 
rises into the atmosphere from this vast region is reported to be(^ 
different degrees of temperature, varying from 100*^ to 70® of Fah.and 
evaporating from the oceanic surface from one hundred to thirty-seven 
inches of water annually, as an approximate average. Of course, the 
currents of air will rise to different heights, depending upon its rarefiic- 
tion and moisture, and be subject to the influence of the different states 
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of the atmosphere which thej maj reach. The less rarefied, parting with 
its caloric and moisture more quickly, will descend in lower latitudes ; 
while that of higher temperature, reaching higher regions, must de- 
scend in higher latitudes, at or near the poles of the earth. It will be 
remembered that this air from the equatorial regions rises, more or less 
eqoallj, from the yast space indicated by the lines of latitude, and from 
the entire circumference of the earth at its greatest diameter, conyerg- 
iDg as it approaches the poles, correspondingly it may be to the lines of 
longitude, and subject of course to be influenced by the diurnal motion 
of the earth. The currents from opposite directions, high in the atmos- 
phere, and descending to supply the place of the air moving towards 
the equator, to maintain the circulation, must necessarily meet and 
counterbalance each other, producing those calms in the northern 
regions said to occur more frequently than the winds from all di- 
rections added together. Passing from the central regions of the 
earth, where its diurnal velocity is the greatest, it is subjected to a 
slower movement as it approaches the poles ; and from its convergence 
and intermingling, with varying proportions of heat and moisture, as 
from the burning regions of Africa on one side, and the moist surface of 
the Pacific Ocean on the other, would be likely to produce much of 
that elemental strife and other remarkable phenomena of the Arctic 
regions, not otherwise accounted for. 

The poles of greatest cold in the north are located on the American 
and Asiatic continents at about lat 78^ (though probably varying from 
this degree), and are found to correspond, approximately at least, with 
the magnetic poles. The position of these poles of cold, so many de- 
grees south of the pole of the earth, not heretofore accounted for, does 
not seem to conflict with the theory of the currents of warm air from 
the equatorial regions, but rather to strengthen it While an open sea, 
or an ameliorated climate, would be maintained at or near the pole by 
the influence of the descending air and fall of moisture, of a compara- 
tively high temperature, the region further to the south, over which the 
equatorial currents, when not otherwise influenced by opposing cur- 
rents, would generally pass, would necessarily be the region of ez- 
tremest cold — because too distant to be reached by any direct or 
surface influence from the warm latitudes of the south, and likewise dis- 
tant from the immediate action of the descending currents of warmer 
air at the north. The warming influence of the sun cannot have the 
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effect it exerts in lower latitudes, and the warm air from the equatorial 
regions passes over and beyond it* 

The Arctic Ocean, it seems, to the north of a certain limit, — varying 
doubtless in different years, and more or less at different seasons, — k 
surrounded by an ice-belt, and so far as explored, encumbered ^th ice 
in masses of greater or less magnitude. It has heretofinre been sup- 
posed that a large portion of it, near and around the pole, is covered 
with solid masses or extensive fields of ice, and Capt Parry, with all 
his experience, in 1827, expected to be able to travel over ihese fields 
even with reindeer to draw his sledges, to the region of the pole I He 
expressed his disappointment in this respect, when, after travelling 
twenty days over the hummocks and through the floes with incredible 
labor, to lat 82^ 17' 10^ (without his reindeer), he "began to doubt 
whether he should at all meet with the solid fields of unbroken ice 
which every account had led him to expect at a much lower latitude." 
Capt Parry made in this expedition the highest northing which has 
ever been made, and it appears from his account, as fi*om others that 
the Arctic Ocean, as far as explored, is covered with hummocks and 
masses of broken ice, excepting, perhaps, some uncertain statements 
of open water seen in different directions, and the reported absolute 
view of the sea by Morton. 

Among all the attempts which have been made in a period of more 
than 300 years, to explore the Arctic regions, the attempt of Capt 
Parry, with sledges and boats, in 1827, is one of the most remarkable; 
and if his " excursion," as he called it, proved any thing, it proved that 
the currents (about which there prevails the greatest uncertiunty, and 
most conflicting testimony), set out of the Arctic Ocean, and that an 
ameliorated climate was likely to be found at the north, where, from his 
experience, a conclusion might be drawn that it rained almost condn- 
ually. On the third of July, after recording rains almost every day, in 
lat 82^ 3' 19^, he says the snow had changed to a heavy rain [?], and 
** had produced even greater effect than the sun in softening the ice.* 

* This point, as well as some others in this discussion, may be enlai]god upon here- 
after, when the positions of the poles of cold are more folly iUnstrated, and the iso- 
thermal lines of the Arctic Begions better established, though neither of these will 
probably be more than approximately determined at any period. It will be an 
important fact to know 'hereafter, whether if the poles of cold are found to be 
changeable, the magnetic poles will be foond to be diangeable also. 
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On the next daj, thej were again annoyed by a heavy rain, the ther- 
mometer in the shade at 35^ and 86^ ; and in reference to the frequent 
rains, at a point further north than ever reached before or since, Capt. 
Parry remarks, that ^ he had experienced more rain in the course of 
this summer than during the vfhole of seven previous summers taken 
together^ though ptused in latitudes from seven to fifteen degrees lower 
than this" — where probably the rain fall would be less. He evidently 
did not look for rain so far north as he had reached, but rather for 
boundless fields of iee, on which he might pass over the very axis of the 
earth. The ioe, however, became so thin and rotten that only one 
person was allowed to pass from floe to floe at a time, and the baggage 
and provisions were transported with the greatest labor and caution. 
He had rain nearly every day, and found large ponds of fresh water on 
the ioe, which appeared to be lower than they had previously been. 
Water-birds and gulls were seen here, and he mentions as a matter of 
** ridiculous importance " the finding of two small flies on the ioe I Capt. 
Parry travelled 292 miles in thirty-five days, but owing to his drcuitoui 
course and the drift of the current, was only 172 miles from his ship at 
Spitzbergen; and as he could make no further progress against the 
current, over the broken and unsafe ice, was compelled to return, 
aided by a drift of several miles per day. 

Thus ended this remarkable ^ excursion," — a total failure as to the 
attainment of its object, but apparently proving the existence of an 
ameliorated climate at the north, and, it may be, demonstrating the pos- 
sibility of reaching the region of the pole by some other route and 
better arranged means. As regards its results, they seem to afford no 
ground to sustain the Gulf Stream theory of the open sea, if they do 
not wholly unsettle it 

There is not in all physical science, probably, a more sublime arrange- 
ment, illustrative of the wisdom of the Creator, for the most beneficent of 
purposes and the accomplishment of such important ends, than that 
which we have been endeavoring to illustrate, namely, the circulation 
of the air from the equatorial regions to the north and south extremes, 
where the sun's rays do not exert that genial and life-giving influence 
with whidi it directly endows other portions of the earth. We have 
now partially and in a somewhat cursory and unscientiflc way, pre- 
sented some views pertaining to this subject and bearing upon the ques- 
tion of an open sea, or ameliorated dimate, at the north, — which, 

15* 
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however small their daim to originalitj, or right to be regarded as a 
theory, maj jet be entitled to some farther consideratioii. There are 
many facts and groups of foots, in physical science and meteorology, 
recorded in the nomeroos works of Arctic explorers and scientific 
writers, more or less connected with this subject, to which we have not 
even alluded. These may yet be considered, and their proper weight 
allowed upon the views presented. Of one thing, however, we may 
feel quite certain : the purposes of the great heat of the equatorial 
regions, once produced and carried into the air, not there to be anni- 
hilated, cannot be wholly misunderstood ; and those purposes, it seons 
to us, are unaccomplished if their influence be not visiUe, as we have 
endeavored to show, at the extreme ends of the earth, towards whidi 
they tend and where their influence is most required. Unless this be 
so the sceptic may declare the wisdom and power of God unequal to 
his beneficent purposes, and the polar regions may really be what some 
philosophers have supposed, not only regions of utter darkness, bat of 
perpetual stagnation and death. 
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1. Thb Ambrioan Reikdseb. By L. £. CmrrENDBir, of Burlii^- 

ton, Vermont. 

Ruroiraa cabibou, Baird, Aud, j* Bath, 
Cervus tabandus, Richardton, 
Ceryus hastalis, Agaasix. 

Dr. Richardson, whose opportunities for the study of the fauna 
of Northern America, have equalled those of any other naturalist, has 
partially described two varieties of this ruminant, under the names of 
the ^barren ground*' and ** Woodland** caribou. Professor Baird 
adopts, with some hesitation, the same division into varieties, and gives 
to the former the name of granUmdieut. He adopts the description 
given by Audubon and Bachman, not having the means of furnishing 
an original account of either animal. 

Although specimens are not very difficult to be procured, the caribou 
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* 

appears to be less accuratelj known to naturalists than any other of 
the American Oervida, Almost the onlj description that has fallen 
under mj notice, which has much claim to scientific accuracy, is Dr. 
Bichardson's. That is quite imperfect and erroneous. Some of its 
errors I hope to correct in the present paper. 

I have recently made a thorough examination of two specimens of 
what is called the ^tylvestrU^ or woodland variety, and have seen 
several skins and antlers, of what were supposed to be specimens of 
the smaller species. I have also had a very considerable correspond- 
ence with reliable gentlemen in various parts of the British Ameri- 
can provinces, acquainted with the habits of this animal, whose 
accounts, written, or given under circumstances precluding consulta- 
tion, present too. striking a coincidence on all points of importance, to 
admit the suspicion of inaccuracy of description. The information 
thus derived, has been compared with such published accounts as have 
been accessible to me, and the results are given in the present paper. 



Geographical distrihution. 

There is no doubt that the caribou inhabiting the so-called barren 
grounds of British America, is much inferior in size to the animal 
found in the wooded portions of the country. I use the terms wood^ 
land and barren ground^ only to indicate this difference in size, without 
intending to assert that one differs in any other respect from the other. 
My views on that subject will be hereafter expressed. 

The limits of the habitat of the American reindeer cannot be well 
understood, without a glance at the physical peculiarities of the coun- 
try, to the northward of the forty-eighth parallel of north latitude. A 
district lying between the coast of Labrador and Hudson's Bay, and 
another lying between the sixty-second parallel and the Polar Sea, pass 
under the general name of the barren grounds* These are traversed 
by a few rivers, some of whose banks are unwooded, while others are 
skirted by a narrow growth of stunted trees. Throughout these 
regions, numerous conical hills of slight elevation are distributed, 
formed of the primitive rock, the valleys between which sometimes 
contain a soil of sufficient strength to sustain a dwarfed growth of the 
willow and black spruce, but more generally the soil consists of the 
debris of rocks, which is a coarse, dry quartzose sand, unfit for the 



176 B. NATURAL HI8T0RT. 

support of any thing but lichens* The Hudson's Bay CcHnpany, whose 
posts are maintained throughout the habitable portkms of the Britkh 
provinces in America, with difficulty maintains stations at points widely 
separated, on these lands, during porUons of the year, wMle a few 
wretched families of Esquimaux and Chipewyan Indians, termed 
from their mode of subsistence, caribou eaterSy are the only human 
beings that constantly reside on them. A Tivid description of the 
northern portion of this arctic desert, lying between MelyiUe Peninsula 
on the east, and Mackenzie's Rirer on the west, b found in the account 
given by Dr. Richardson of his overland journey in search of Sir 
John Franklin in the year 1848. The characteristic inhabitants of 
these lands are the musk ox and the smaller caribou, and in their 
almost unbroken solitudes, the latter animal is found in numbers ap* 
preaching those of the bison herds upon the north-western prairies. 
The rivers which discharge their waters into the northern portion of 
the Gulf of St. Lawrence, penetrate a section of this district, and on 
their banks this animal rears its young as far south as the fifty-first 
parallel of north latitude. Gentlemen whose authority may be confi- 
dently trusted, who are accustomed to resort to these rivers during the 
season of salmon fishing, inform me, that caribou are firequenUy seen 
on the plains, at short distances from the river banks, in numben vary- 
ing from single pairs to hundreds. 

From Fort William, on Lake Superior, there is a route of water 
communication, broken by numerous porta^ extending to the north* 
west, through Rainy Lake, Lake of the Woods, and Lake Winnipeg to 
the Saskatchewan River; thence via Lake Athabasca and the Great 
Slave Lake to Mackenzie's River, which is very near the eastern 
limit of the great limestone deposit, which extends far toward the east- 
em slope of the Rocky Mountains. Between this line and the barren 
grounds is a wide extent of country, sometimes called the ^' Eastern 
district" The well-known deflection of the isothermal line to the 
northwest gives to this limestone region, as £Eur north as Peace River in 
latitude fifty-seven north,, a climate having a mean temperature 
scarcely colder than is found on the meridian of Boston in latitude 
fi:)rty-five degrees north. The alluvial valleys of this region are 
covered with a heavy arborescent growth, not unlike that of the valleys 
of New England. To the northeast of this line, however, the country 
presents a far different physical appearance. Its southern portioB^ 
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south of a line ip the course of the St Lawrence and the Great Lakes, 
and firom three to five degrees distant from them, is the great Pine Dis- 
trict of the Canadas. To the north of this line, is a wide extent of 
elevated country, which is drained to the south bj the Saguenaj, Auz 
Lievres, Gatineau, Ottawa, and other rivers, and to the north hj 
numerous streams discharging their waters into Hudson's Bay and the 
Polar Sea. This country is for the most part made up of extensive 
morasses, occasionally broken by slightly elevated ridges. In these 
morasses are many islands of comparatively solid ground, to which 
have been given the expressive name of "marsh cakes.'* These are 
covered with a dwarfed growth of black spruce, larch, and fj/r, from 
the branches of which depends in large quantities a long, light-colored 
moss, a lichen, containing a nutritious element richer than that of the 
less developed lichens of the barren grounds. These marshes are the 
proper hahiiat of the larger or woodland caribou^ whose physical struc- 
ture (as will be hereafter seen) admirably adapts it to such treacherous 
ground. 

Its migrations are performed like those of all the migratory Arctic 
fauna, to the northward in spring, and to the southward in autumn. 
I am aware that a different opinion is expressed, as to the time of these 
migrations, by Dr. Richardson, who states upon the information of 
others only, that " in their migrations to the south, they cross the Nel- 
son and Severn Rivers in May, and to the north in September." K 
this is true, I think it must be owing to some geographical peculiarities 
connected with the south-western shore of Hudson's Bay, for I am 
assured by intelligent correspondents who have passed both winter 
and summer in the northern portions of the Pine district, that the 
caribou only makes its appearance within the limits of that district in 
winter, and Dr. Richardson himself found them during the expedition 
of 1848, as far north as latitude 69^ 40' in the month of August 
These migrations in some cases extend far south of the Pine districts, 
individuals having been found upon Isle Royale in Lake Superior, and 
in Aroostook county, Maine. They are not unfrequently seen in the 
provinces of Newfoundland and New Brunswick, and it is stated, 
though upon very questionable authority, that the caribou has been 
found in the northern parts of Vermont and New Hampshire, and 
among the Adirondack mountains of New York. I have not found 
any sufficient evidence to show that these migrations ever extend as far 
south as the for^^-fifth parallel of north latitude. 



178 B. NATURAL HUTORT. 

It is rarely seen in that part of the limestone district^ soath of Peace 
Elver, the climate and ground being wholly nnsuited to its habits of 
life. 

Dr. Richardson stated in his Journal of 1828, that a larger kind of 
caribou was found among the Bockj Mountains, but declared that he 
had seen no specimen of its skin or antlers. In the account of his 
expedition in 1848 he sajs, referring to the Rocky Mountains : ^ Rein- 
deer of a much larger size and darker color than the barren ground 
variety frequent the mountain Talleys." If they exist there at all, their 
range must be confined to the valleys, for it is obvious that their an- 
atomical structure unfits them for life upoa elevated mountain slopes. 
In New Caledonia, between the mountains and the Pacific coast, it is 
commonly found, and also along the shores of the Polar Sea and the 
neighboring islands, from Mackenzie's River to Victoria Land. Its 
northern limit can be defined with far less accuracy than its southern, 
but it is well established, that what is called the smaller variety, ex- 
tends its migrations farther to the north than the other, and the females 
and fawns of this variety, £Eulher than the males. 

It was found by Capt Sabine on the North Georgian islands and 
the adjacent mainland in latitude seventy-five degrees noith, and he 
includes it among the nine species of mammiferous animals inhabiting 
those islands. The skins of a small species of deer^ which can be 
none other than this variety, have often been obtained from the natives 
of Nootka Sound ; and the many readers of the Arctic Journal of the 
lamented Eake, will not forget the " Bennesoak " that furnished ^the 
glorious meal, such as the compensations of Providence reserve fi>r 
starving men alone," to the worn down, scurvy stricken crew of the 
Advance in latitude IS"" 4(/ on the 2dd of February, 1855. 

It may be well to state in this connection that the lichens upon 
which the smaller reindeer feeds, are the comteuktria trisiis and 
divergent, the cetraria nivdUsy cuet^ala and idandicHy and sometimes 
upon the gyrophora or tripe de roche, so often res(»:ted to for the sup- 
port of human life. These are spread over a wide extent of country 
within the Arctic circle, and are most prized by these animi^lfl when 
the melting snows render them soft and tender. But enough has been 
said to show that the reindeer is distributed over a wider extent of 
country than any other species of the American Cervidas. 
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Species — Varieties, 

I have thas far spoken of two varieties of this ruminant, the ^' wood- 
land ** and the ^ barren ground," as being distinct from each other. Of 
the propriety of this distinction Dr. Richardson appears to entertain 
BO doubt Professor Baird, however, is by no means inspired with the 
same confidence in this respect, and with the characteristic caution 
which gives such value to his chtfsifications sajs, ^ the opinion is gain- 
ing ground, that the barren ground reindeer is distinct from the wood- 
land," and that 'Mt would seem most prohMe that it cannot be the 
same with the animal inhabiting the drcumpolar regions of the old 
world." 

I share to the fullest extent in the doubts of those who hesitate to 
believe in the existence of two varieties. It is very certain that all 
the points of difference hitherto pointed out are deddedlj unsatisfactory. 
I am aware that certain anatomicid distinctions have been claimed, 
such as are found in the works of Dr. King, who asserts that the barren- 
ground species is peculiar in the form of its liver and in not possessing 
a receptacle for bile, but he regrets that the loss of his collection 
prevents him from establishing the truth of these assertions. 

The first, and most obvious diversity, is said to be in size. The 
weight of the barren-ground variety is given by Professor Baird at 
from eighty to one hundred and twenty-five pounds, and by Dr. Richard- 
son at from ninety to one hundred and thirty pounds, exclusive of offaL 
Tliis weight does not much exceed that of the Cervus VirginianuSf for 
I have seen many dressed animals of the latter species, the weight of 
which much exceeded one hundred and thirty pounds. But in Parry's 
first voyage, adult specimens of the reindeer were killed, which when 
dressed weighed only from fifty to sixty pounds, and in this connection 
what shall be said of the specimen already referred to, which was 
killed by the hunter Hans, in the Kane expedition, which measured 
fire feet one inch in girth, six feet two inches in length, and stood as 
large as a two years heifer, the weight of which was estimated at, and 
from these measurements, obviously, cannot have been less than three 
hundred pounds, with the long tuft of white hair depending from the 
under part of his neck, giving an appearance of excessive weight to 
the front view ? The animal here described in height, length, weight, 
and especially in the white tuft hanging from the neck, corresponds sin- 
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gularlj with the description hereafter given of an adult specimen of the 
so-called woodland yarietj, killed in the month of March, near the pine- 
wooded hanks of the Aux Lievres River. It is nowhere asserted or 
claimed, I helieve, that the woodland yarietj is found on the Green- 
landic peninsula. In fact every description given hj Dr. Kane, 
applies with more propriety to the larger than to the smaller yariety, 
if two such exist 

Captain Pany found individuals on Melville Island weighing one 
hundred and eighty pounds. 

I have not seen the weight of the larger caribou stated, elsewhere 
than in an article in the new American Encyclopedia, where it is 
given at from two hundred and fifty to three hundred pounds. What 
means of arriving at such a conclusion were possessed by the writer of 
that article, are not given ; but from the tenor of the article in other 
respects, it can hardly be supposed they were extraordinary. 

Another point of difierence, and one more generally relied on, is 
said to be found in the thickness, weight, and curvature of the antlers, 
those of the Arctic variety it is claimed, being much larger, heavier, 
and more gracefully curved than the other. In Professor Baird's 
description a wood-cut is given of a right antler from North Greenland. 
Dr. Richardson gives figures of two, taken from old bucks killed near 
Fort Enterprise, which differ only from that of Professor Baird in 
being slightly more palmated. It is also stated that in the woodland 
caribou, the brow antler is wanting. But there is a pair of antlers in 
the possession of Professor Leonard Marsh of the University of 
Vermont, procured by L. G. Bigelow, Esq., from the lumber region 
before referred to, taken frx)m a buck killed near Lac dt Cerf^ in the 
interior of a district hundreds of miles from any of the barren grounds, 
where the smaller variety is not found, which have not only the brow 
antlers (which form a prominent characteristic of all these cuts, and 
are shaped like the figures in question), but are longer and curved more 
gracefully than any of them. Moreover, these antlers exactly fit the 
skull of the specimen I have described below. I am therefore confi- 
dent that no difference can be predicated of these two assumed Tarie- 
ties, based upon any comparison of the antlers, and I very much doubt 
whether any examination will detect others more satisfactory. Upon 
the evidence as it now stands, I am inclined to adopt the expressions, 
without by any means acceding to the conclusions, of the last brilliant 
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transmntation theorist in species, and to claim that there is but a single 
species or variety of the American Reindeer^ and that in the ^ struggle 
for existence" on the unsheltered barren grounds, within the Arctic 
circle, unprotected from the severities of an Arctic climate, subsisting 
upon innutritious food, the animal has degenerated in size and activity ; 
while a more nutritious food, found in greater quantities, the shelter 
and protection of the wooded swamps of the Eastern district, have 
made of the so-called woodland variety a ^'more favored race," a 
larger and more perfect animal ; but that these will not become different 
species or even varieties anj sooner than the runts and fantails of the 
same author will become transmuted into any thing else than pigeons. 

Description. 

The following is a description of an adult male, killed on the first 
day of March 1860, on Lac de Cerf about three miles east of Riviere 
du Lievre, and about eighty miles north of the confluence of that 
river with the Ottawa, near the forty-eighth degree of north latitude. 

The muzzle is entirely covered with hiur, which over the body is 
long, erect, very ^compact, and brittle: throat maned. Hoofs, broad 
and depressed. Accessory hoofs, very fully developed. The external 
metatarsal gland, above the middle of the leg. Without antlers, but 
with indications upon the skull of their having been recently cast 
Tail, short and depressed. The skull has a large nasal cavity, rather 
more than half as long as the distance to the first grinder : the inter- 
maxillary moderate, reaching nearly to the nasaL 

The exterior color of this specimen varies from pure white to 
fulvous brown, the prevailing color of the anterior portion being 
grayish white, and of the posterior, brown. The white color next the 
skin is invariably clear, the pure white and grayish colors not blending^ 
but having their edges sharply defined. The color of the brown portion 
is confined to the tips of the hairs, changing to light gray and whitish 
toward the skin. The edges of the lips (which are fleshy), the muzzle 
and nostrils, white. The cheeks and upper part of the head, dark 
brown, growing lighter toward the upper fore neck, which, with the 
inferior portion of the under jaw, is tawny white. Neck, which is 
short and muscular, is grayish white, darker above, so that a ridge 
along the top is a pepper-and-salt color: lower part of the neck 
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nearly pure white. On the lower part of the neck extending aboat 
half the length of it, from the point of the stemaniy is a long coarse 
mane of white hurs, the Icmgest ci which measure 3.5 inches. An 
irregularly shaped patch of white extending from die neck along the 
middle of each shoulder. The upper parts of the shoulders, back, 
rump, and fianks, dark fulvous brown, changing to white on the beBj, 
and below and around the anal region. Prevailing cdor of the leg^ 
light brown. The tail is bushy, and entirely white except a portion of 
the upper sur&ce an inch and a half in width, and extending from the 
roots an inch and a half, which is brown. The hairs are flattened. 
An irregular whitish spot on the inside of eadti tarsal joint, and 
a white band about an inch in width, entirely surrounds each leg 
above the hoof and accessory hoof. The deft between the phalanges 
is lined with white hairs. The exterior ci the hoofs and accessory 
hoofs is black, the interior dark gray. 

The ears are on the outside dark yellowish brown, somewhat lighter 
on the inside, covered on both the exterior and interior sur&ces with 
short hair. 

The general form of the animal is compact and muscular, having 
none of the awkwardness of the moose, and but little of the delicate, 
graceful contour of the Cervw Virgimanus* 

Measurements. 

iBdMt. 

Height at Bhoulden 52.0 

" " rump 52.4 

Length from nose to root of tail 83.0 

« oftaa 4.0 

" of hoof from p<Hnt to union with skin 44) 

" from point of hoof to bottom of cleft between phalanges . SjO 

** of accessoxy hoo£i S.5 

Greatest width of accessoxy hoof 1.5 

Len^ of ulna 11.5 

" ofhumeruB 13X) 

" from point of posterior hoof to end of phalanges .... Si) 

" thence along metatarsal to end of os colds l$fi 

" of tibia 15^ 

Circumference of hoof at union with skin 9.5 

" " fore leg at smallest point below knee 5.0 

" " " aboTe accessory hoof 10.0 

Diameter of spread track .8.0 



Leogdi from noM to root of ew 15.0 

Hrigbt of e«n, ptnteiiorij 7.0 

" " " Rdterioilj 6.5 

" " " interaBlIj, abore iknll 6.6 

Widili of (KWtril 1.4 



Meataremmt of the AtOlert above referred to. 
Circumference of mun stem at the base, seTen mcbes. Two brow 
aotlen, extending tcom abont three inches above the root of the main 
Btems directly forward: length respectively, fourteen and 17.5 inches; 
each dividing, one at three, the other at eight inches from the base, 
and each prong again subdivided within about four inches of the end. 
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TVidth of brow antler at widest part, three inches. The two mam 
branches start from the main stem four inches above the brow antlers, 
and are each twentj-three inches long, extending forward. These are 
again divided and subdivided. Their circamference at the base, eight 
inches ; width of widest part of main stem, 5.5 inches. Number of 
points from each stem aside from brow antler and main brandi, five ; 
length of longest, four inches. Length of main stem, fortj-three inches ; 
distance between tips, seventeen inches. Greatest distance between 
main stems, twentj-seven inches. Greatest deflection in curve of main 
stems from tip to base, 11.5 inches. 

Another specimen, killed near the same place on the 15th of Febru- 
ary, I860, is a female, and much smaller. The color, general aspect, 
and specific characters the same. 

Morphological and Pkgtichgiccd PecuUariUeM. 

The width, size, and general position of the hrow anden^ as thej 
are termed, distinguish this deer from any <tf the other cervidas ; while 
the defl hoofs and broad accessory hoofs, with the depressed char- 
acter of the hoofs themselves, together presenting a surface to support 
the weight of the animal equivalent to a circle, the diameter of which 
is not less than eight inches, form another peculiarity of the species, 
enabling the individual to support its weight on the crust of deep 
snows, or on the soft ground of the morasses. 

Among other noticeable structures is a trachea of very extraordinary 
diameter, with a respiratory apparatus of great power ; this, joined to 
a remarkable muscular development, particularly at the shoulders and 
haunches, must give to the Caribou great speed and endurance. An 
intelligent observer, Mr. R. J. Lusk, of Ottawa City, writes that 
^ their speed is so great, that they cannot be run down at any season 
of the year,** and that ^' Indians have followed herds of them for many 
days in succession, and then found themselves farther from the herd 
than when they started. The Indians all agree that they cannot be 
taken except by stealth." He refers, also, to an instance where a stag-, 
hound which could catch the common deer with ease, was started after 
a herd of nineteen on Lac de Cerf, when the herd ran away from him 
so quickly that he seemed to be almost stationary. He gave chase all 
day, the Caribou runnmg from lake to lake, but in the evening gave it 
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up. The pelage is erect and very compact, and the skins form an 
article of clothing better adapted than any other for Arctic trayelling, 
and afford an adequate protecti<m for the animal against the intense 
severity of winter within the Arctic circle. I .have not been able to 
discover the ^ cist or bag in the lower part of the neck, about the big- 
ness of a crown piece, and filled with fine flaxen hair, neatly coiled 
aronnd to the thickness of an inch," described by Mr. Hutchins, and I 
am sceptical as to its existence. The form of the antlers varies so 
mnch in different individuals, that nothing can certainly be determined 
firom them in regard to sex or age. Their greatest growth is unquestion- 
ably produced when the animal is in its most vigorous condition, and I 
see no reason to question the statements of those who speak of their 
weight as sometimes reaching forty or fifty pounds. 

When in condition, there is a layer of &t deposited on the back and 
rump of the males, to the depth of two or three inches or more, immedi- 
ately under the skin, which is termed depouitte by the Canadian voy- 
ageurs, and as an article of Indian traffic it is often of more value than 
all the remainder of the body. This is thickest at the commencement 
of the rutting season ; it then becomes of a red color and acquires a 
high flavor, and soon afterwards disappears. The females at that 
period are lean, but in the course of the winter they acquire a small 
depouiUiy which is exhausted soon after they drop their young. The 
uses of the Caribou to the Indians of the barren ground, are almost as 
numerous as those of the Reindeer in Lapland. The flesh, which, in 
condition, surpasses the finest venison in flavor, is eaten separately or 
enters largely into the manufacture of pemmican, the staple food of the 
Arctic zone. Of its horns are made flsh spears and hooks, as well as 
ice chisels and other tools, and the skin dressed with the fur supplies the 
place of both blanket and bed to the inhabitants of the Arctic wilds. 
When properly dressed, it makes an excellent leather, and the skins 
sewed together are used for making tents. The shin bone, split so as 
to present a sharp edge, is used as a knife. The undressed hide is cut 
into thongs which are applied to many uses, and a very good article of 
sewing thread is made by splitting the tendons of its dorsal muscles. 

16* 
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EaJnU. 

The Caribou is the only American deer that can with much propriety 
be called gregarious. Though the moose and common red deer are 
sometimes found in ^ yards," as they are termed, in winter, they collect 
in this manner more for the purpose of mutual protection from scTere 
cold and for convenience of procuring food than from any natural 
disposition thus to flock together. The larger Reindeer are usually found 
in herds of from six to twenty, but the smaller herd in much larger 
numbers, sometimes as many as several hundreds. When run with 
dogs, the herd rarely, if ever, separates. Very singular modes of 
capturing them are said to be put in use by the Chipewyan, Esqui- 
maux, and Dog Rib Indians. They are very inquisitive animals, and 
if they see any suspicious object that is not actually chasing them, Uiey 
will gradually, and after forming repeated circles, approach it Tlie 
hunter, if there is a rock convenient, cautiously creeps behind it, and 
imitates the bellow of the deer when calling to each other. If he has 
sufficient patience he may be sure the animals will ultimately come to 
examine him. The Esquimaux rarely shoots until he is within twelve 
paces of his game. When two hunt in company, they show themselves 
to the deer and then walk slowly away, one before the other. The 
deer follows, and when the hunters come near a stone, the foremost 
drops behind it, while his companion walks steadily forward. The 
deer follows afler the latter, and thus is brought within range of the 
concealed man. Often, also, when assembled in herds, they are drivoi 
into the sea, through passes, where, swimming about, they are speared 
in great numbers by the Indians in their kayacks. They are also 
taken in pit traps made from snow and covered with lichens. A very 
interesting account of various other methods of hunting and capturing 
them is given by Dr. Richardson in his account of the North American 
Fauna, which it is uimecessary here to repeat 

Is the American Species identical with the European f 

No one who has carefully studied the animals of the northern por- 
tion of continental Europe, can &il to have been impressed with the 
remarkable correspondence of the species there found with those in 
Arctic America. This is particularly true of those comprised in the 



PHYSIOLOGY. 187 

Scandinavian Fauna, corresponding species being almost invariably 
found in North America. These will be found to differ very slightly 
in size, color, and less important particulars, but never sufficiently upon 
the most liberal basis of classification to be reckoned as different 
varieties even of the same species. I am not disposed to believe that 
the Reindeer forms any exception to this marked coincidence of species, 
although I have not had the means of comparing the American and 
European together, which must now be regarded as almost the only 
conclusive or satisfactory method of determining questions of species. 
I can detect no material difference, except in color, between the figure 
given in ^ La Regne AnimaV* and American specimens which I have 
examined, and as that is the figure of one kept in a menagerie, that 
fiict alone is enough to account for any difference in color. The habits 
and modes of life of the two, are no doubt widely different, but whether 
this difference is to be attributed to any other cause than that of '^ vari- 
ation under domestication" is a question that must be determined 
hereafter, with the other problems connected with that subject. 

KoTB. — Since the foregoing article was completed, my attention has been 
directed to the following passage in Prof. Baird's account of the Cenros Virgini- 
mnns. If the fact there stated in relation 4o the difference in size be tnie, how much 
more probable it is that the same species of Reindeer, subsisting under conditions of 
life much more diverse than those of the northern and southern specimens of the 
C. Viiginianus, spoken of by Prof. Baird, should also differ in size and weight as I 
claim they do ? Professor Baird says : " It is a well-ascertained fact that the more 
northern specimens of this deer are appreciably larger than those found further 
Bouth, and that the deer of the southern sea-coast and its islands are smaller than 
those of the uplands and mountains of the same latitude. This fact is well estab- 
lished by the comparison of specimens in the Smithsonian collection from New 
York and from St. Simon's Island." — MammaU of the Pacific R, R, Survof, p. 648. 



IV. PHTSIOLOGY. 



1. Some Experiments and Inferences in regard to Binocu- 
lar Vision. By Prof. William B. Rogers, of Boston, 
Massachusetts. 

In the theoiy of binocular yision which has been so ablj expounded 
by Sir David Brewster, Briicke, and others, it is contended that no 
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part of an object is seen single and distinctly, but that to wbidi the 
optic axes are for the moment directed, and that *^ the nnitj of the 
perception is obtained bj the rapid survey which the eyes take of every 
part ,of the object" According to this view our perception of an 
object in its solidity and relief, instead of being the simple and direct 
result of the pictures formed at any one moment in the two eyea, is 
acquired by a cumulative process, in which the optie axes are soeoes- 
sively converged upon every point of the object within view. 

In an experimental discussion of some points in binocular vision 
published in the American Journal of Science several years ago,* I 
was led to conclude that the phenomena of the stereoscopic resultant do 
not necessarily or even usually conform to these conditions, and that 
^ the perception of a perspective resultant line or of a physical line in 
the same attitude does not require the successive convergence of 
the axes to everff paint" The grounds of this ocmdusion were, — 
first, that the perspectiveness of the resultant although not perceived 
when the axes are steadily maintained at any one oonvergence, appears 
as soon as they are allowed sufficient freedom of motion to unite a few 
contiguous points of the component lines, and that it then afl^cts the 
whole extent of the resultant ; and second, that the resultant presents 
a perspective attitude even when the component lines, instead of being 
united into one, are brought together so as to intersect at a small ang^ 
each of the xntersecUng lines in this case appearing in relief. 

Satisfied from these considerations that the perceived singleness and 
relief of the resultant are to be ascribed rather to a process of sug- 
gestion than to the exhaustive binocular survey which has been si^ 
posed necessary, I was led to the opinion that, while some change of 
direction and convergence of the axes is needed for the effect, the 
successive view of a few contiguous points is all that is required to 
bring the suggestive action into play and to give rise to the full 
perception of the position and relief of the resultant 

In this view while rejecting the theory vof successive vision in the 
form in which it has been propounded, I still considered some d^ree 
of motion of the axes as one of the steps by which we obtain the 
perception of the binocular resultant 

The following experiments, intended still further to test the theoiy 

# Yolome XX. i^. 86, 304, 818, and XXL pp. 80, 173, and 439. 
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of the suocessive combination of corresponding points in binocular 
▼ision, are believed to be in part new, and are in part modified repe- 
titions of experiments already described bj Pro6. Wbeatstone and 
Dove. Thej offer what seems to be decisive proof that such a 
succesnve combination of pictures point bj point, however it maj enter 
in manj cases into the complex process of vision, cannot be regarded 
a$ an eseentuU condition to tke iinglenees and perspectiveness of the 
binocular perception. 

1. Let a brilliant line, held in a perspective position at a convenient 
distance midway between the ejes, be regarded intentlj for a few 
seconds so as to produce a lasting impression on the retinas. On 
taming the eyes towards a blank waU or screen the subjective impression 
will be seen projected against it, and having the same perspective 
altitude as the original line. If, then, one eje be closed, the line will 
appear to subside into the surface of the screen, taking an inclined 
position corresponding to the optical projection of the original line 
as seen bj the unclosed eje, and therefore corresponding to the image 
formed in that eje. Bj opening and closing the ejes altematelj, and 
finally directing both to the screen, we are able to see the two oblique 
lines corresponding to these projections and l^eir binocular resultant 
corresponding to the original object 

2. Let two slightlj inclined luminous lines formed bj narrow slits 
in a strip of black card-board be combined into a perspective resultant 
either with or without a stereoscope. Looking at this for a few seconds 
so as to induce the reverse ocular spectrum, and then directing the eyes 
towards the opposite wall oi the apartment, a single spectrum vnU he 
observed having the attitude and relief of the original binocular resultant 

As a strong illumination of the lines is necessary to bring out the 
most striking effect, the card-board should be held between the ejes 
and some brilliantly white surface, as the globe of a solar lamp or a 
strongly illuminated doud, care being taken to prevent the entrance of 
extraneous light. 

d. Using the same arrangement, let the luminous lines be regarded 
in succession each by the corresponding eye, the other eye being 
shaded so that no direct binocular combination can be formed. On 
looking toward the wall, it will be seen that the two subfective images 
unite to form a single spectral linCy having the same relief as if the 
lines had been directly combined with or without the stereoscope. 



IdO B. NATTTBAL HI8T0BT. 

Whfle the perspectiye image continues distinctlj yisible, let eitlier 
eje be closed, the other being still directed towards Uie walL The 
image will instantly lose its relief and take its position on ihe plane of 
the wall as an inclined line corresponding to the sabjectiTe knage in 
the eye which has remained open. When the snbJectiTe nnpreeakos 
haye been sufficiently strong, it is easy to alternate these eleots by 
projecting first the picture proper to the right eye and Uien Uiat of tiie 
left on the plane of the wall, with their respective contrary mdinatioDS. 
On then looking with both eyes we see the resultant anage instantly 
start forth in its perspectiye altitude. 

It is hardfy necessary to say, that in order to obtain tiiese effeets 
satisfactorily eyen with lines very strongly illuminated, the observer 
should haye some practice in experiments on subjectiye yisioo. A 
these circumstancesj however j 1 have found the results to ie peffeetlf 
certain and uniform. 

The conditions of the experiments are obyiously such as to exclude 
all opportunity of a shifting of the image on the retina, Sndi a 
shifting, however, is essential to that successive combination of pairs of 
points in the two images which, on the theory of Brewster, is required 
for the production of the single perspective resultant Hence, according 
to this theory, the resultant spectrum in these experiments, ifistetd of 
being a single line in a perspective position, ought to present the foim 
of two lines inclined or crossing, situated in the pkne of the wall 
without projection or relie£ 

In reference to the first two experiments, it might perhaps be main- 
tained that as the perspectiveness of the original line or resultant on 
which the eyes were converged formed part of the direct perception in 
the first stage of the experiment, it would be likely through associatkm 
to be included also in the spectral or subjective perception. Bat this 
consideration, which at best does not impress me as of much weig^ k 
entirely inapplicable to the conditions of the last experiment, where 
the eyes are in the first place in^ressed in succession with Uieir 
respective images, and where yet when they are tog^er directed to 
the wall, the perspective single resultant at once springs into view, 

4. Without resorting to these troublesome efibrts of sulijective visioD, 
the following is a simple proof that pictures successively impressed on 
the respective eyes are sufficient for the stereoscopic efiect Let a screen 
be made to vibrate or revolve somewhat rapidly between the eyes and 
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the twin pictures of a stereoscope, so as alternately to expose and cover 
each, compUtdy eoccUtding the nmtdtaneoui viiion of the two. The 
stereoscopic relief will be as apparent in these conditions as when the 
moving screen is withdrawn. 

Here there is no opportunity for the combination of pairs of corre* 
i^nding points in the two diagrams by the simultaneous convergence of 
the optic axes through them, but at each moment the actual picture in 
the one eye, and the retained impression in the other, form the elements 
of the perspective resultant which we perceive. 

5. The ingenious experiments described by Prof. Dove many years 
ago in which the stereoscopic effect was obtained by the momentary 
illumination of the electric flash, furnish a further and most powerful 
argument against the theory of successive binocular combination here 
rrferred to. 

In repeating these I have found great advantage in using one of 
Bitchie's improved Buhmkorff coils, having a coated jar included in the 
outer circuit, the intensely brilliant spark of which can be made to 
throw its light upon the object viewed in any direction or at any interval 
that may be desired. 

When a twin diagram of any simple geometrical solid was placed 
in the stereoscope and viewed by this momentary light, it was found to 
exhibit the perspective resultant in most cases with a single spark, and 
it never failed to present it in perfection with a succession of sparks 
even when they followed each other slowly. 

A large circular disc of brass, marked with the usual concentric 
strias, Mte placed in a position to catch the illumination and produce the 
peculiar intersecting lines of reflected light At each spark the bright 
Tesultant line due to the binocular union of these intersecting lines 
was seen penetrating the disc, and extending in a steep angle beyond 
and in flnont of it. 

As, according to Wheatstone, the duration of an electric spark is less 
than one millionth of a second, it can hardly be supposed that in either 
of these experiments the eyes have time to make the successive changes 
of direction required, by the theory, for the singleness and relief of the 
observed resultant Not less at variance with this theory is the familiar 
&ct that the illumination of a single flash of lightning is sufficient to 
give us a clear perception of the forms and positions of objects to which 
the eyes are for the moment directed. So the long straight spark of 
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one of Geissler^s narrow Tacoum tubes, glowing for an instant in a daik 
room, impresses a precise perception of the altitude and place of the 
tube and its included line of light ; and even the irregular path of the 
long spark through the air produces a distinct percepticm single and 
fSEuthful to its devious directions* 

We maj therefore conclude, firgt^ that the percepti<m of an object 
in its proper relief, or that of the perspective resultant through binociH 
lar combination in a stereoscope, or otherwise, maj, and moet tisuaDj 
does, arise, by dirtd iu^gestian from the two pictures impressed, with- 
out requiring the successive combination of corresponding points; — 
and secondf that for the singleness of the resultant peroeption, it is not 
necessary that the images should fall on what are called corresponding 
parts of the two retinas. 

The condition of single vision in such cases seems to be simplj this, 
that the pictures in the two eyes shall be such and so placed as to be 
identical with the pictures which the real object would make at a given 
distance and in a given altitude before the eyes. 



2. On ottb Inabilitt from the Retinal Impbbssion alone to 

DETEBIONB WHICH BeTINA IS IKPBESSED. By ProfeSBOT 

William B. Bogebs, of Boston, Massachusetts. 

Although on first view it might be supposed that an impression 
made in either eye must necessarily be accompanied by a mental refers 
ence to the particular organ impressed, it will be seen from the following 
simple experiments that the impression of itself is not essentiaUy sug- 
gestive of the special retinal surface on which it is received. 

Exp. 1. Let a short tube of black pasteboard one fifth of an inch 
in diameter be fixed in a hole in the centre of a large sheet of the same 
material Hold the sheet a few inches before the face of a second 
person, and between him and a bright window, moving it to and fro 
until the bright circular aperture of the tube is brought directly in 
front of one of the eyes, suppose the left eye ; and let him fix his 
attention upon the sky or doud to which the tube is directed. He 
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will feel as if the impression or image of the hole belongs equaUy to 
loth eyes and will be unable to determine which of them really receives 
the light 

On moving the aperture towards the right, or nearer the nose, but 
not 60 far as to be out of the view of the lefk eye, or to be visible by 
the right, the observer will imagine that it is now in front of the right 
eye and chiefly seen by it. Shifting it still further in the same direction, 
until it is brought within view of the right eye, but not fairly in front 
of it, it will appear as if placed before the left eye, and by an ad- 
^tional motion bringing it fairly in front of the right eye it will seem 
to be equally before both eyes, or to be in the medial line between 
them. 

Like effects may be observed by using a half sheet of rather stiff 
foolscap with a large pin hole in the centre. Bending this over the 
face and moving it until the hole is in front of one of the eyes, the 
same uncertainty and contradiction will be produced as in the preceding 
experiment. 

£zp. 2. Similar results may be obtained by rolling half a sheet of 
letter paper into a tube of about one inch in diameter, and holding it 
before and a little in advance of one eye while both are directed to a 
white wall some feet distant Keeping the view Jixed upon the wall 
there will be seen upon its surface a circular image of the remote 
aperture of the tube. This, as we look intently at it, will appear as if 
seen equally by both eyes, occupying a midway position between them. 
If now the eyes be converged to some point nearer than the end of the 
tube the circular image wiU appear against the side of the tube giving 
the impression that it is seen by the eye which is remote frx)m the tube 
and is at the same time directed toward the outside. For the complete 
success of this experiment the wall should be only moderately bright, 
and but little light should fall on the exterior of the tube next the un- 
covered eye. 

Exp. 3. Let two tubes of stiff paper, each one inch in diameter 
and six inches long, be held dose to the two eyes in a converging 
direction so that the outer ends may touch each other. Then directing 
the view through them to a white wall at a short distance, the observer 
win see the two tubes as one, with a single circular opening clearly 
marked out on the wall. If now a small object as the end of the little 
finger be brought near and in front of one of the tubes, it will take its 

VOL. xrv. 17 
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place within this circle and will seem to be equally an object of vmaa 
to both eyes, so that the observer will be whoUj unable to decide before 
which eye it is actually placed. 

Let the observer next direct his view to a very remote object^ as 
the sky, seen through the window, still retaining the previous adjust- 
ment of the tubes. He will now see two circles, continuing separate 
as long as he keeps his eyes fixed on the distant surface ; and if the 
finger be held up as before in front of one of the tubes it will appear 
within the circle which b in front of the other eye ; thus causing the 
impression on the right eye to be apparently transposed to the left, and 
vice versa. 

Exp. 4. Fasten a small disc of white paper on a slip of black 
pasteboard of the size suitable for a stereoscope, and place this in the 
instrument so that the white spot shall be centrally in front of one of 
the glasses. 

To a person not aware of the position of the spot it will appear in 
the stereoscope as if equally in view to both eyes, and he will be entirely 
unable to decide on which retina its picture is impressed. Indeed, 
properly considered, the spot does not appear directly in fmsA of either 
eye, but is seen at the intersection of the optic axes, in the medial or 
binocular direction between the two. 

Let the spot be now moved toward the right side but still within the 
range of the left eye, and it will seem to be before the right eye rather 
than the left. Shift it into the right compartment, but not far from the 
dividing line, and it will appear as if seen chiefly by the left eye ; and, 
finally, bring it to the middle of the right compartment and it will seem 
as at first to belong equally to both eyes.* 

Referring to the results observed in the above experiments when the 
object is directly in front of either eye, it may be concluded that the 
mere retinal impression on either eye is unaccompanied by any con- 
sciousness of the special surface impressed, and that the formation of 
the visual perception appertains to that part of the optical apparatus 
near or within the brain, which belongs in common to both eyes. 



* The effect here described is one of a series of phenomena which Dr. O. W. 
Holmes attributes to an actucd transfer of impressions from one eye to the other, and 
which he proposes to explain by the hypothesis of reflex vision. Froc. Amer. Acad. 
Arts and Sciences, Feb. 1860. 
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These observations show, moreover, that the perceived direction is 
just as truly normal to the central p<xrt of the retina which has received 
no light, as to that of the retina on which the white spot has been painted 
Jodeed, as before indicated, it is normal to neither, bat is felt to be in 
the middle line between the two, that is, in the binocular direction. It 
need scarcely be added that this conclusion is at variance with the law 
of visible direction maintained by Brewster, which requires that the 
apparent direction of an object shall in all cases be normal to the part 
of the retina impressed. 

The reference of the object in certiun cases above noticed (parts 1, 
2, and 4) to one eye chiefly, and that the eye from which it is actually 
hidden, is accounted for by the direction in which the other eye receives 
the light As this direction, in the case of the left eye for instance, 
would be decidedly toward the field of view of the right eye, it would 
at once suggest the place of the object as somewhere before that eye, 
and so when the object is actually before the right eye, but in a posi- 
tion towards the left, it would excite the idea of an object somewhere 
before the left eye. As the retinal picture alone gives no indication 
of the particular eye in which it is formed, but only excites a visual 
consciousness common to both, the object in these cases will seem to be 
visible by both eyes, but chiefly by that before which the suggestion 
just mentioned would naturally place it. 

A like explanation applies to the transposition observed in Exp, 3, 
when the view is directed to a distance through the converging tubes. 
Here the false visual reference of the finger depends on the fact that 
the circle in front of either eye is suggestive, merely by its position, of 
a special vision by that eye, while from the conditions of the experiment 
these circles are in fact reversed in their places as compared with the 
tubes and eyes to which they appertain. 

We have seen in the above experiments that when an object is pre- 
sented to one eye without any accompanying circumstances leading us 
to refer the visual act specially to this or to the other eye, we have a 
consciousness of seeing it equally with both eyes. The same result 
occurs when separate objects are presented to the two eyes, provided as 
before, extraneous sources of suggestion are excluded. 

Exp. 5. Thus if we place on the black slide of the stereoscope two 
spots, differing either in shape or color, one before each eye, we perceive 
them both in the middle or binocular direction, each seemingly visible 
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in an equal degree to both eyes, the <»ie being seen through or upon 
the other according to the fitful attention or suggestion of the nKHuent 
A pleasing modification of this experiment is made bj using two 
unequal white spots on the black slide and interposing a gre^i or 
other colored glass between one of them and the lent. The spot whidi 
appears colored will give as stronglj the impression of being seen by 
both eyes as the white one, in spite of our knowledge of the position 
of the colored gkss. 

Even in cases where the two objects are wholly unlike, and at Tcry 
different distances from the eyes by which they are severally regarded, 
this feeling of a common or united visual act in regard to each of them 
is often easily recognized. Of this we have a ready iUostration in 
the familiar experiment on ocular parallax in which a distant object, 
hidden from one eye by an interposed finger or pencil, is seen through 
or behind the pencil when both eyes are directed towards the distant 
object. 

Exp. 6. To observe this effect satisfactorily, it is well to make the 
experiment in an apartment in which a single small lamp is placed at 
some distance from the spot on which we stand. Looking intently at 
the lamp, we bring the pencil before the fieice in such position as to give 
us an image on each side of the lamp, and then move the pencil toward 
the right until its left hand image seems to coincide in direction and 
position with the lamp, which appears to shine through or to partially 
replace it. As we continue to look thus at the lamp, we have a dear 
impression that both lamp and pencil are equaUy visible to both eyes, 
and without some consideration of the previous adjustment and motions 
we are unable to determine which is actually visible to the right and 
which to the left eye. 

The same experiment furnishes also an incidental illustration of the 
principle of tramposed visual reference before alluded to. If, while 
the above adjustment is maintained, we contemplate the other image of 
the pencil situated some distance to the right of the lamp, and endeavor 
to decide, from the mere visual impression, to which eye it appertains, 
we almost unfailingly refer it to the right eye as that which most nearly 
fronts it, although obviously it belongs to the other, as will be found at 
once on closing either eye. 

Where the eyes are externally very sensitive, any strong illuminadon 
of one as compared with the other will interfere with the effect above 
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described bj referring the impression specially to the eye thus unduly 
excited. In such cases the observation is best made in a moderately 
lighted room by interposing the pencil between the eye and a vertical 
stripe on the walL 

Exp. 7. Becurring to Exp. 2, in which with a tube in fixmt of one 
eye we perceive a bright circle on the wall in the medial direction, we 
may obtain a pleasing iUustration of the point now under consideration, 
by bringing a dark card or book or even the hand between the un- 
covered eye and the wall. The spot instead of being intercepted will 
appear as a perforation in the opaque screen. 

Here, as in the case of the pencil and lamp, the bright circle and the 
screen are both optically referred to the intersection of the two lines of 
view. But the luminous circle almost or entirely obliterates the corre- 
sponding part of the screen. As the full view of the screen and its 
connections continually reminds us that it is in front of the uncovered 
eye, we are led to refer the luminous circle seen as coincident with a 
part of it, to the same eye, and thus to believe that we are looking 
through the screen with that eye. It is, however, not difficult, by intently 
regarding the luminous circle, so to counteract the force of this extra- 
neous suggestion as to feel even in this case as if the circle were 
equally in view to both -eyes. 

These considerations explain very simply the experiment of the 
pseudo-diascope described by Mr* Ward of Manchester, which like 
several of those above mentioned is but an instance of the old obser- 
vation of Da Vinci, that when we see behind a small opaque object pre- 
sented near the eyes, *' it becomes as it were transparent." In making 
this experiment with a tube of paper supported between the thumb and 
forefinger of the left hand, and held before the right eye so that the 
back of the hand may be some inches in advance of the lef^ eye, it 
will be noticed that the effect varies with the amount of convergence 
of the eyes, and that the bright perforation in the hand may or may not 
be referred to the left eye according to the force of the accessory sug- 
gestions or the intentness with which we fix our gaze upon the distant 
spot to which the axes are converged. 

In conclusion it may be remarked, that the experiments which have 
been described are for the most part too obvious and familiar to have 
merited such a special notice but for the peculiar and in some respects 
new interpretation which they have offered of many visual phenomena* 

17* 



198 B. NATURAL HI8T0BT. 

Considered in this relation we are, I think, entitled to conclude from 
them: — 

First, that the retinal tmpresnon of ctn object presented direetfy to 
either eye is accompanied by the feeling of a united visual acty and of 
itself gives no indication of the particular eye impressed; and, 

Second, that the reference of the impression to one eye rather them 
the other is the result of collcUercU suggestion, which may either locate 
the image in the eye that actually receives it, or may transpose it seem" 
ingly to the other^ according to the particular conditions of the oiser* 
vaiion. 
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L ENGINEERING. 

1. Observations ok Hydraulic Cements. By Lieutenant Q. A. 

GiLLMORE, Corps of Engineers, U. S. A. 

Having been engaged for the last two years in conducting a series 
of experiments with the hydraulic limes and cements from different 
geological and geographical localities in the United States, with a view 
to ascertain the relative value of the mortars derived from them, as 
regards hardness, adhesiveness, hydraulic energy and other coordinate 
properties, it has been suggested to me, that a few observations upon 
any points, hitherto not fully understood, or considered doubtful, might 
be of interest 

The following notes have been selected from a mass of manuscripts, 
which is intended to furnish the basis of a preliminary report to the 
chief engineer of the war department. 

The nature and properties of calcareous cements, and their correct 
mode of manipulation and treatment present a wide field for experi- 
mental research. The attention of chemists and practical engineers 
has, within the last half century, been turned in this direction in an 
especial manner, and the writings of Vicat, Pasley, Bancourt, Treussart, 
Kuhlman, Chatoney, Rivot, and Gen. Totten (our own chief engineer), 
have thrown a fiood of light upon the subject It is not to be con- 
cealed, however, that many phenomena are developed in the preparation 
and manipulation of calcareous mortars, from the time the raw stone 
enters the kiln for calcination, until it has attained its final resting- 
place in the state of mortar, and is undergoing the hardening process, 
that are even now shrouded in comparative mystery, a mystery indeed, 
against which the amplest resources of the analytical chemist, have 
been brought into requisition in vain. Until within a very recent 
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period, for example, the cause of the hardening or ^ setting " of 
hjdraulic mortar was only a subject of vague conjecture which devel- 
oped itself into a variety of speculative and contradictorj theories. 
Even now, there is |i remarkable diversity of opinion upon this point, 
which laborious and patient research only can dissipate. 

It is now very generally conceded that, when ordinary limestones^ or 
the purer marbles, are burnt in kibs, they part with their water of 
crystallization and most of their carbonic acid, assume the amorphous 
state, become highly caustic, have a great avidity for water, and are 
very light and spongy ; that, when these burnt limes are immersed in 
water, a quantity of the liquid equal to nearly one quarter of their 
weight, is rapidly absorbed, and the hydrate of lime is formed. It is 
also generaUy believed that ordinary mortar (a mixture of a paste <^ 
the hydrate of lime and sand), hardens or sets in consequence of the 
absorption of carbonic acid from the air aided by desiccation. By some 
writers it is claimed that the sand, if silicious, is not entirely inert, but 
is acted upon by the lime, when an insoluble silicate of lime is formed. 
This, however, is somewhat doubtfuL At all events, it does not take 
place, if the mortar is placed under water, or in close vessels, as it is 
well known that it will remain in a state of paste for an indefinite 
period under such circumstances. 

When we come to consider those hydraulic limes, however, which 
contain from ten to thirty per cent of clay, and the hydraulic cements 
which contain from forty to sixty per cent of that material, or another 
distmct dass of impure limestones which seem to owe their hydraulic 
energy to the presence of a notable quantity of carbonate of magnesia, 
frequently not accompanied by clay at all, we must seek for some other 
explanation of the hardening process ; for it is well known that hy- 
draulic mortars will set under the exhausted receiver of an air-pump^ 
and that, when immersed in water or kept constantly wet, they are oon* 
sidered in the most advantageous position for attaining their maximum 
strength and hardness. The setting of hydraulic mixtures, therefore, 
would seem to be due to a compound action ; else a large proportion <^ 
the ingredients enter as inert matter, or are absolutely hurtful in their 
effects. By some, it was formerly supposed that the oxide of iron, by 
others, that the oxide of manganese was capable of conferring hydraulic 
energy. Smeaton suggested that this action was due to the presence 
of day in the limestone. Subsequently, Yicat enlarged this idea into a 
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comprehensive theory, which was finally applied in practice on an ex- 
tensive scale, in the manufacture of artificial hydraulic lime, by mixing 
unbumt clay with common lime, in suitable proportions, and calcining 
them. The discovery of the hydraulic character of the dolomites, and 
those impure magnesian limestones which contain very litUe day, ren« 
dered a modification or enlargement of Ticat's theory necessary. It 
was also conjectured that the presence of potash or soda might exer- 
cise an infiuence in the hardening process. Although ordinary chemi- 
cal analysis failed to detect either of these substances in the hydraulic 
limestones, a variety of phenomena indicated their presence in quan- 
tities quite sufficient to produce marked chemical reactions. There 
seems to be litUe doubt indeed, that the alkaline silicates or carbonates, 
although not invariably present in common limestones, are always to be 
found in those argillaceous and argillo-magnesian limestones, of what- 
ever geological epoch, that have been found to be most suitable for 
hydraulic purposes, and it has even been cliumed by Kuhlman, that the 
hydraulic energy is due in a great measure to their action. It is 
known that, if a solution of the silicate of soda or of potash be mixed 
with common lime, the soda or the potash will be set free, and the 
silicic acid will enter into combination with the lime, forming an insolu- 
ble silicate of lime, a basic silicate, in fact, which, upon exposure to 
the air, absorbs carbonic acid, and is converted, gradually, into what 
might be termed silico-carbonate of lime. This, in time, acquires great 
hardness. The alkalies, in this case, act simply as carriers of the 
sflica, to present it in a useful form to the hydrate of lime. 

There would seem to be little doubt that their useful efiect has been 
overrated. The proportion in which they enter the American cements 
is usually quite small, the most careful analyses made specially with 
reference to them having failed to detect as much as one per cent It 
is also probable, although the statement is advanced with some mis- 
givings as to its entire correctness, that their action is limited strictly to 
hastening the commencement of solidification, and that the advantage to 
be derived from this circumstance is more than counterbalanced by the 
presence of unsolidified caustic potash or soda, the tendency of which 
would be to diminish the strength and ultimate specific gravity of the 
mass. 

It seems highly probable that the principal and perhaps the only 
really efficient cause of the hardening of hydraulic mortars is to be 
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found in the formation of hjdrated doable silicates of lime and alumina, 
or of lime and magnesia, depending on whether the limestones are argil- 
laceous or magnesian in character. In mortars derived from argiUo- 
magnesian limestones, both of these compounds would be formed. This 
theory, although accounting for most, is not logically applicable to all 
the phenomena attending the setting of hydraulic mixtures. It does 
not clearly explain why, among several cements of identical composi- 
tion, according to a dureful analysis, some will set with great rapidly 
in water, others very slowly, and others again, not at all; or why 
some will be more affected by a change of temperature than others ; or 
why, in some, the hydraulic action will be quickened, and in others re- 
tarded, by the addition of hydrate of common lime ; these and a variety 
of other interesting facts, patent to any experimenter of ordinary sagae- 
ity, are still enveloped in doubt and uncertainty. For a fuU and com- 
plete solution of these questions, we must look to those who, to a judi- 
cious combination of theory and practice, are wiUing to superadd a 
patient, persevering, and zealous industry. 

The oldest limestone capable of furnishing hydraulic cement overh'es 
the Potsdam sandstone at the base of the Lower Silurian system. This 
sandstone b very intimately related to the calcareous beds above. It 
is known as the calciferous sand rock, and as its name indiciUes is eal- 
careo-silicious in character. 

Three distinct masses of this rock are usually observed, wherever it 
presents a fully developed outcrop, the lowest of which ordinarily con- 
tains a marked excess of silica, while those above more nearly resemble 
the purer limestones which overlie them, and into which they finally 
pass with certain alternations of argillaceous and slaty matter. All the 
deposits which lie above the Potsdam sandstone and below the Utica 
slate or its corresponding member, are classified by Prof. Rogers in his 
formation No. II. Among them, sometimes higher and sometimes 
lower in the series, occur numerous beds of argiUo-magnesian limestone 
possessing hydraulic properties in an eminent degree. 

Afler leaving the limestones of Formation II. in the ascending series, 
we pass up through the equivalent of the lead-bearing strata of Wis- 
consin, Iowa, and Illinois, the blue limestones and marls of Ohio, and 
the Hudson River and Clinton groups of New York, without meeting 
with any deposit suitable for hydraulic lime or cement, until we reach 
the Niagara group, in the beds of passage between the shale and 
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limestone of that group. This underlies in regular order the Onondaga 
Salt Group of the New York Survey (which appears to be wanting in 
the West), and has been burnt for cement in Monroe countj, and other 
places in New York. 

Still higher up the series, among the top layers of the Onondaga 
Salt Group, called generally the ^ Magnesian Deposit " of that group, 
we encounter another calcareous deposit possessing hydraulic proper- 
ties, and overlying this the W(xter lime group proper, from which the 
celebrated Rosendale cement from Ulster county, New York, is manu- 
factured. 

This deposit furnishes at least nine tenths of all the cement made in 
the United States, and is claimed by the manufacturers to produce an 
article superior in quality to all other native cements, and equal in 
every essential requisite to the so-called Parker's Roman cement. It 
is an argillo-magnesian limestone belonging to the tentaculite or water 
limestone of the lower Helderberg group, and is found within a narrow 
belt, scarcely exceeding a mile in width, skirting the northern base of 
the Shawangunk mountains. It is not, however, confined to this local- 
ity, but can be traced in a southwesterly direction through Ulster and 
Sullivan counties to the New York State line at Carpenter's Pointy 
thence in a narrow strip along the left bank of the Delaware River to 
Walpack's bend, where it crosses into the State of Pennsylvania. In a 
northerly direction, it has not been distinctly recognized east of the 
Hudson River^ but at the mouth of Rondout Creek, takes a turn due 
north, and can be traced along the west bank of the Hudson, a distance 
of five or six miles, with occasional glimpses of it still higher up. 
Except in Ulster county, towards the northern terminus of this range, 
this particular stone has not been manufactured into hydraulic cement, 
and has not, in fact, been very critically examined with that view. 

The deposit is found occupying every conceivable inclination to the 
horizon, the direction of the dip being usually northwest or southeast. 
The entire face of the country in this neighborhood exhibits evidences 
of a succession of remarkable upheavings, some of them having taken 
place while the limestone was yet in a plastic form, whereby the strata 
were twisted into a variety of tortuous and complex shapes ; while 
others, transpiring at subsequent periods, more or less remote, have 
ruptured the beds, producing a multitude of seams, running diagonally 
across the lines of stratification. 
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The usefbl effect of these upheavings has therefore been to develop 
into accessible and convenient positions, a vast amonnt of the cement 
stone that woald otherwise have been baried beyond the practicable 
reach of ordinary mechanical skill. 

The aggregate thickness of this deposit, including certain ledges of 
other rocks of from four to six feet thick, which inteilie the cement 
strata, averages aboat forty-six feet. 

It is subdivided into several distinct layers, widely dissimilar, as a 
general thing, in the color, grain, and texture of the raw stone, as well 
as in their hydraulic properties after calcination. No one manufacturer 
makes use of all of these cement strata, and no two of them, of the 
same strata in the same proportions. This is due, prinetpaU^, to 
changes, or variations, within comparatively short distances, in the hy- 
draulic properties of stone from the same stratum, a striking and char- 
acteristic feature of these deposits. In some localities, moreover, the 
upper strata of the cement-bearing series have been entirely removed 
by abrasion, while in others the lower ones have been thrust so much 
out of place by the interposition of other rocks, or are so far below lie 
general surface level, that they cannot be reached with ftcOity or 
economy. 

Few of the manufacturers have rendered themselves familiar with 
the distinctive characteristic properties of the several layers of stone 
which they introduce into their combination, instances being compara- 
tively rare, where they have caused them to be quarried, burnt, and 
ground separately, even for the purpose of experiment. With some 
exceptions, all the stone taken from a quarry enters into the cement 

This includes certain layers of little or no value when used alone, 
and incapable of furnishing any thing better than an inferior hydraulic 
lime, which will not harden under water, if immersed in the state of 
paste, and frequently, if allowed to set in the air, will not remain hard 
afler immersion, but swells up, softens and falls to pieces, assuming 
either the consistency of a spongy paste, or of a granulated mass 
entirely devoid of cohesion. 

Although mortars giving rise to such phenomena, evidently contain 
a large excess of caustic lime, not susceptible of neutralization by the 
silica, alumina, and magnesia which accompany it, in the formation of 
hydrated double or triple silicates which are practically insoluble in 
water, it does not necessarily follow that their incorporation into the 
aggregate product of a quarry is absolutely injurious. 
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In some eases, Iheir introdaedon is believed to be beneficial, when 
their province appears to be to famish those requisite constituent in- 
gredients of good cement, either not to be found in sufficient quantities 
in the contigiious rock, or in proportions capable of considerable in- 
crease, without prodadng an injurious excess. 

The cement worios in Ulster county are scattered along a line of fif- 
teen miles in extent, those furthest from the Hudson being at High 
Falls, twelve miles from the mouth of Bondout Greek. 

In general terms, the method pursued by the manufacturers is briefij 
as follows : The stone, after being quarried, is broken into pieces not 
exceeding eight or ten inches in their largest dimensions. It is then 
burnt in a cylindrical kiln, terminated at the bottom by the inverted 
frustmm of a cone. The fuel ^nployed in the calcination is anthracite 
ooal, broken up very fine. What is known as ^ pea and dust,** some- 
times called the ^second screenings," at the coal-mines, has been found 
most suitable for that purpose. It is mixed with the raw stone, in the 
kiln, in alternate layers. When once in operation, the kiln is per- 
petual, the burnt stone being drawn from the bottom once or twice 
every twenty^^ur hours, at which times raw stone and fuel are added 
at the top in suitable proportions. 

There are serious defects in this method of burning, for which no 
easy and practicable remedy has yet been discovered. The compound 
character of the cement stone renders its fusion comparatively easy, at 
a temperature not much above that practically necessary for its calci- 
nation. Some of the stone, therefore, becomes so much overbumed 
(having reached the stage of incipient vitrification), as to be not only 
useless for cement, but exceedingly difficult to reduce to powder, while 
another portion, usually the largest fragments, or those that have 
accidentally subsided too rapidly in the drawing, are underbumt, and 
perhaps partially raw inside. These being also difficult to grind, are ex- 
cluded, for that reason, if for no other, and are usually subjected to a 
second calcination. Lying between these two extremes, we find the 
properly burnt stone ; we also find other portions not distinguishable 
from the latter in general appearance, and frequently forming an im- 
portant proportion of the whole, some parts of which have been sub- 
jected to a complete, and others to a supercalcination, but in which no 
visible vitrification has been induced. 

This class of products is of very little value as cement. Numerous 

VOL. xrv. 18 
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ezperimentSy made at different times and under a variety of dream- 
stances, have established, almost beyond a doubt, that the genuine c^nents 
derived from the magnesian and argilo-magnesian limestones c^ this 
countrj, when the j undergo any thing beyond a complete calcination, 
that is, when burnt any longer than is necessary to expel all their car- 
bonic acid gas (and probably with some varieties scMnewhat below this 
point), lose in a great measure, if not entirely, their hydraulic energy ; 
neither is it possible in practice to restore this energy by eontinoing 
the heat until the point of incipient vitrification is reached, as is daimed 
by some European writers. But as it is impossible to distinguish this 
stone from that which is suitably burnt, without a constant and tedious 
resort to the test with acid, which it would be found impracticable to 
enforce among workmen, it always, together with variable proportions 
of that which is insuffidently burnt, as well as that which is vitrified, 
forms a component part of the cement prepared for market. Suitably 
burnt cement contains a notable quantity of carbonic add gas, and con- 
sequently effervesces, more or less freely, with hydrochloric add. 
There i^pears to be no exception to this rule, although Mr. Vicat does 
not indorse it The precise point at which the calcination should stop, 
or in other words, the exact proportion of carbonic add gas which the 
stone should retain, in order to secure the most favOTable results, has 
not been indicated with any degree of exactness, or in a way suscep- 
tible of practical application. It varies very much with the differenl 
kinds of stones, and particularly with the amount of silica and the 
alkalies which they contain. So great a difference indeed exists in this 
respect among the several layers of the same quany, that any attempt 
to introduce and establish a mode of burning that shall be under suffi- 
dent control to secure uniform and constant results, under all circum- 
stances, must contemplate a separate calcination for each of the dis- 
similar kinds of stone used in the combination. The idea, that stone 
which can be properly burnt in twenty-four hours can be mingled 
together in the same kiln with that which requires thirty-five or forty 
hours, to attain the same point, is as theoretically as it is practically 
untenable. Little or no extra expense would attend this process. The 
quarrying of the stone, it is true, would require a little more care and 
supervision, which might add one cent per barrel to the cost of the 
manufactured artide, but this would be amply compensated by the 
amount of stone saved, to say nothing of the improvement in quality 
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secured thereby. Few of the manafactnrers would require any addi- 
tional kilns. The least extensive woiks keep from three to five in 
constant operation, with one or two in reserve, and there are but few 
quarries that would require a more extensive subdivision of their pro- 
ducts than these would accommodate. 

The several Worthless products of the kiln noticed above, have their 
origin in a variety of causes, all of which, with proper precautions, are 
more or less under control ; such as, variations in the force of the draft 
through the kiln, due to changes either in the direction and force of the 
wind, or in the barometric state of the atmosphere ; neglecting to draw 
the burnt stone with the requisite care, taking perhaps equal quantities at 
stated times, which may be either too much, or not enough, depending 
on circumstances ; not preserving the proper proportion between the 
fuel and raw stone, when adding these at the top; or not adding 
them at the proper time and in suitable quantities; irregularities in the 
settling of the stone in the kiln at each drawing, which results in some 
portions being exposed to the heat a much longer time than others ; 
the formation of ^ cinders ** or vitrified pieces of stone which adhere 
together or to the sides of the kiln, choking the draft and retarding the 
expulsion of the carbonic add gas ; these, and many other variable 
causes, will always operate to such an extent as to render the proper 
calcination of the cement, an operation of the utmost delicacy, and one 
requiring on the part of the manu&cturer a high order of intelligence, 
experience, and skilL 

Even the theory upon which this practice of mixing the fuel and 
stone together in the kiln avowedly rests, is singularly at fitult, and 
will, by no means bear a critical examination ; for, inasmuch as all the 
coal is consumed, or supposed to be consumed, during the calcination,^- 
otherwise it is drawn with the cement and ground up in it, — and, as 
the proportion between the amount of fuel and raw stone, as well as 
the times of drawing the kilns, and the quantities drawn are also pre- 
established ; and as no provision is made to regulate the force of the 
draft with a view to anticipate in a measure the intervention of one of 
the principal causes of variation referred to, it virtually assumes that a 
moderate heat, long continued, and a high heat proportionally short in 
duration, will produce identical results, a premise which, with all its 
apparent plausibility, is directiy opposed to the teachings of experience. 

Some varieties of argillaceous and argiUo-magnesian limestone, 
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which yield a good oement with a certain degree of calcioatioii, loee 
their hjdraulic energy if the burning be carried bejond, cr stopped 
short of that particolar point There are somfttimas two points of ouul- 
imum and tufo of minimum hydraulicity. 

Take the argillaceous limestone from Lockport, New York, for ex- 
ample, of which a sample was sent me for trial This was calcined at 
a bright red heat Fragments were remoyed for trial at intervab of 
one hour, allowing nine hoars for the last portions. All the bamiogs 
set rapidlj in the air, but none of them sustained subsequent immer- 
sion in water, except the three correspooduig to one half hour, two 
hours', and nine hours' oalcinatioQ, respeotivelj. 

Similar trials were made with oement stone from other localities with 
varying results. 

The curves of Diagram No. 1 will perhaps illustnUe these pecuHar- 
ities more prominently than a written description can. The numbers 
along the top denote the duration of the calcination in half hours. The 
central horicontal line, marked sero (0) indicates the point of hydraulic 
equilibrium, so to speak, at which the cements either part with or re- 
sume the power of " setting " under water, if immersed in the state of 
paste. In the vertical column of figures on the lefl, those above the 
sero line indicate the presence, and those below, the abseoce of this 
hydraulic power, the degree of intensity of these opposite character- 
istics being denoted by the magnitude of the figures in either case. 
The cements which furnish the curves were derived from the following 
localities:— 

No. 1, from Lockport» N«w York, first ipeciiBeB. 

No. 2, *' " " " tecoDd " 

No. 3, " Centre of Boand Top qaairy, near Hancock, Md. 

No. 4, " Stratum No. 15 from High Falls, Ulster conntj, New York. 

No. 5, ** Balcony Falls, Rodcbridge county, Vii^nia. 

No. 6, ** Point aox Roches, Lake Champlaia. 

No. 7, ** Stnttom No. 7, Martin & Clearwater's qvany, Ulster oooaty. New 

YoA. 
No. 8, " Stratum No. 3, of the same qnany. 

0h9ervatumi <m Diagreun Nq.1. — By examining the curves derived 
firom the two specimens of Lockport cement, it is seen, 

1st That when burnt from one quarter to three quarters of an hoar, 
both will set under water, and m combination would therefore make a 
good cement 
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2d. Between three quarters of an hoar and one and a half hour's 
calcination, the first will not set under water, while the second will, and 
the properties of a combination would depend on the proportion of the 
two adopted. 

3d. Two hours' burning exactly reverses this state of things, the first 
setting under water, while the second will not, and this condition 
obtains until the calcination is continued for three and a half hours. 

4th. Beyond this point, neither will set under water, until a calcina- 
tion of seven and a half hours is reached, when the first becomes 
hydraulic, and continues 80> the second remaining as before. 

As there is no greater diversity among the foregoing eight varieties 
of cement than is ordinarily to be found in the several layers of the 
same quarry, which, according to the usual custom, are burnt together, 
we can to some extent realize, by an inspection of the diagram, the 
practical effect of the system now in vogue among manufacturers. 

1st All the eight varieties burnt from half to three quarters of an 
hour, set under water, and when thus treated, make a good combination. 

2d. Calcined two hours, four of them set satisfactorily under water, 
and four do not 

3d. Burnt five hours, three of them set under water, and five do not 

4th. Burnt six and a half hours, only two of them set under water 
(and even one of them rather sluggishly), and six do not Three of 
these latter, however, may be regarded as hydraulic limes, and would 
indurate in time, while a fourth (stratum No. 15, from High Falls, 
Ulster county. New York), possesses all the worst features of the inter- 
mediate lime. 

5th. Burnt eight hours, these specimens are again equally divided. 

The scope of this paper renders impracticable any statement of the 
progress attained, or of the results developed, by the experiments now 
in progress. The following brief observations are submitted : 

Ist The effect of a change in the temperature of the cement, and 
water of mixture, upon the time of setting, has been greatly under- 
rated. A mortar is considered to have set, when it will support, with- 
out sensible depression, a wire -j^'^ in diameter, loaded with quarter 
pound weight At a temperature of 65® Fah., which was assumed for 
all the mixtures, the James River cement will set in five minutes, that 
from Hancock on the Potomac in six, the quick-setting Ulster county 
cements in twelve, and the slow-setting in thirty-five minutes. 

18* 
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If the temperature be lowered 80^, the James River cement will 
require thirty-two minutes, the Hancock cement twentj-four minutes, 
the quick-setting cements from Ulster county forty-five minutes, and 
the slow-setting eighty-five minutes. 

If, on the contrary, we raise the temperature 30^, the James River 
and Hancock cements will set in 2^ minutes, and the quick and slow- 
setting cements from Ulster county in four and nine minutes respec- 
tively. The least difference in time of setting, in this variation of 60^ 
in the temperature, is therefore 22^ minutes, while the greatest differ- 
ence is one hour and sixteen minutes. 

Diagram No. 2, will show the effect of this variation of temperature, 
upon the hydraulic activity of cements. The curves are constructed 
with abscissas which represent the temperature of the air, water, and 
dry cement (these being varied correspondingly and kept together in 
all cases), and with ordinates which represent the times of setting in 
minutes, that is, the period of time which elapses before the immersed 
paste will support the loaded wire without depression. The dotted 
curves refer to the ^ inch wire loaded to quarter of a pound, and the 
full curves to ^ inch wire loaded to one pound. 

The practical application of these deductions is quite evident In 
cold weather (whenever it is necessary that the cement should harden 
quickly), warm water should be used for mixing the mortar, and wet- 
ting the solid materials with which it is to be used. In warm weather, 
on the contrary, oool water should be employed for the same purpose, 
in order to delay the setting until the mortar is laid in position. 

2d. The time required by a cement to set (if within the ordinary 
limits of -^ of an hour to 1^ hours), furnishes no means of judging of 
the ultimate strength and hardness which it is likely to attain. 

dd. It is not probable that while the present method of manufactur- 
ing cement is pursued in this country, we can produce an article equal to 
Parker's Roman cement, or the artificial Portland cement, from abroad. 

4th. The stone furnishing what is generally termed irUermediate lime, 
now rejected by our manufacturers, as worthless, on account of its 
containing an excess of caustic lime, may be used with entire safety, 
if combined with five to eight per cent, of an alkaline silicate. The 
compound silicate commonly called soluble glass is good for this pur- 
pose. By the same means, any requisite degree of hydraulic activity 
may be conferred upon mortars of common or ordinary hydraulic 
limes. 



212 



C. PBACnOAL MBCHAKICS. 



00 - 



5th. The maximam adhesion to stone is secured by mixing the 

cement paste or mortar^ verj thin (m 
couUs)^ rather than rerj stifil The 
maximum density, cohesion, and hard- 
ness, on the contrary, are all incom- 
patible with this conditioD. 

6th. Cement should be ground to 
an impalpable powder, when it is 
intended to give mortar its full doae 
of sand, the coarse particles of cement 
being a poor substitute fin: that article. 

Finally, all the stone which does 
not effervesce with dilute hydro-chkrie 
add, or which, during calcination, has 
been carried beyond Che point of oobi- 
plete expulsion of carbonic add gas, 
should be rejected. 
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NoTB. — Since the above was put 
in press, additional experiments render 
necessary some modification of the re- 
marks on the maxima and minima of 
hydraulic energy. The following ex- 
tract is made from a Report to the Chief 
Engineer of the War Dqpartmoit, now 
in course of preparation. Q. A. G. 

Extract, 

^ With some yarieties of stone, ce- 
ments of inferior hydraulidty are yield- 
ed by a heat of moderate intensity and 
duration, at a stage but little in advance 
of a condition of incomplete calcination ; 
with others, they are produced as we 
approximate to a state of indpient vitri* 
faction; with all, they are essential ele- 
^ ments in the indiyidual properties of 
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the stone, each qnarrj, and even the separate layers of the same quarry 
possessing distinct characteristic features in this respect, whidi features 
are, withal, subject to considerable variations within narrow lateral 
Emits. The converse of these premises is also tirue, to wit, that the 
state of maximum energy corresponds to a condition of incomplete 
calcination in some cases, of complete calcination in others, while, in 
others still, it is only produced by vitrification more or less complete.** 



2. Descbiption of ▲ new Portable CoFFER-DiJf. By Capt. 
* E. B. Hunt, Corps of Engineers, U. S. A. 

The use of the coffer-dam in laying foundations under water, is 
among the best established and most available resources t)f the engi- 
neering profession, and its application in several classes of cases is weU 
settled. In making studies for certain contemplated constructions at 
Fort Tajlor, Key West, a new style of coffer occurred to me, which I 
hope soon to apply, and which gives a rational promise of success. 

The first case considered was one of founding wharf and bridge 
piers on a rock bottom, over which a thin stratum of sand is spread. 
A set of fners ten feet square of soUd masonry from the bottom was 
first contemplated. For these the style of coffer planned was a strong, 
square frame, with four comer posts and a sufficient number of wale 
courses across the four sides and framed into these comer posts to give 
the stiftiess of side-wall necessary for supporting the whole water press- 
ure. The length of the comer pieces would be such as to give an 
excess of a foot or more at top in the deepest water at high tide. The 
size in plan would have to be such as to give the requisite working 
space, and might be reduced to fifteen feet square. This fiamework, 
being put together and stayed by a set of diagonal rope-tie braces, 
could be launched and taken to its position, where it would be placed 
erect and adjusted to the level, using, if necessary, uprights in one or 
more angles, to bear on the bottom or to be driven to the rock, and 
dien lashed or bolted to the levelled frame. These angle posts can be 
sufiiciently driven to give security against the force of tides and cur- 
rents when needed, and also to sustain the weights required to bo 
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rested on the top of the frame. The coffer frame, being thus fixed in 
position, a row of sheet piling of sound three inch hard pine plank re- 
mainslto be driven to the rock, in contact with the wales and guided 
either by two outside timber guides, made to be removable or by fixed 
flat iron bar guides, with the angles smoothed. 

Now comes the feature which I suppose to be entirely noyel, and 
which gives a peculiar character to this portable coffer-dam. Take 
strong canvas and proceed to make up a case or covering for the entire 
coffer, using two thicknesses of canvas and interposing a complete 
coating of mineral or coal tar so as not only to cause the two canvas 
layers to adhere to each other thoroughly, but to make a perfectly im- 
pervious sheathing. Along the bottom edge of the coffer §heathing, a 
similar double canvas flap is joined around the whole bottcnn U&e, 
which will lay spread out over the bottom as fiir as is judged necessary. 
This breadth of flap will depend essentially on the nature of the bottom. 
The surface to be thus covered should first be raked dear of sticks, 
stones, etc, to prevent tearing holes through the flap. The case and 
flap, water-tight through their whole extent and having much positive 
strength to resist pressure, being put on over the coffer and surrounding 
bottom, it only remidns to proceed with the pumping^ whicli being 
actively pushed, will rapidly reduce the small enclosed water cdiumn. As 
this goes on, the exterior pressure comes first on the canvas coating, and 
this in turn rests against the sheeting piles and along the entire sur&oe 
of the bottom. As the sheeting should be of even thickness with 
straight edges, the joints will be close and narrow ; hence there will be 
no danger of ruptures from the bridging strain across them. Tlie sub- 
merged exterior guides being either removed or formed of ircm bars 
with bevelled edges would create no dangerous strains. To bring the 
flap more closely to the bottom, a sprinkling of sand or any dean 
earth might be thrown over it when in place, or the outer edge might 
be weighted if needful. In case the water should penetrate through 
the bottom covering layer even from the outer boundary of the fii^ it 
is only required to scoop out the enclosed sand, and fill in the bottom 
with a layer of concrete as is usual in the common coffer, using the 
tramis, a plain wooden trough or a box with a trip bottom. It only 
remains to proceed in building the pier, using the top of the coffer as a 
platform, and to support the derrick or traveller, the materials being 
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Hghtered aloog^de. Should a steam pump be found necessary this 
ooold be worked on board a lighter, bj using a flexible pipe, led 
through the side at top, or it could be carried through the case and 
sheathing near the bottom. A series of lashings along the top of the 
case could be used for £E»tening it, and buoyed cords attached to the 
edge of the flap would serve for its manoeuyre. 

Another mode of treating this case might be preferred for great 
depths. This is by using a circular cofler made by trimming to the 
required arc sweeps of three-inch planks, combining them in full circle 
ribs so as to break joints and fastening with screw bolts. This is 
merely turning an arch centre into the verticaL Launching one rib, a 
set of upright struts with draw bolts would be erected on it and the 
second rib built on them, &e* In some cases, this might be superior to 
the square o^er. The modifications of the case and flap would ofier 
no serious difficulty. Various other timber and iron coffer frames 
might be advantageously used in treating this case. 

In the instance first considered, it was desirable not to obstruct the 
waterway more than was necessary to get the solidity required by a 
permanent wharf for heavy vessels. A series of these piers giving the 
requisite supports for the wharf and bridge platforms, answered these 
conditions, and it was supposed thai this plan could be used in water of 
over twenty feet. 

The facility with which this portable coffer can be struck and re- 
established is its great recommendation. Admit the water, hoist the 
case, draw the sheeting and float the frame to its next station, buoying 
if necessary, and then all becomes simple repetition. It is a question 
(^judgment or calculation in each case to give the framework the 
stability required for resisting the pressures, currents, and wave actions, 
as also to decide when the probable violence of waves would make 
the plan impracticable or injudicious. Judgment must also be used in 
deciding whether the ruggedness of the bottom makes this plan inappli- 
cable. Sometimes this difficulty would be fully met by throwing 
around the coffer a covering sheet of flne clay or marl, which will 
either make the bottom tight or so cushion it that the flap can be used 
successfully. When we contrast the simplicity of ibis coffer and the 
&cility with which it can be established and transferred, with the com- 
plex character of the ordinary fixed coffers, or with Stevenson's port- 
able coffer, so limited comparatively in its applications and troublesome 
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in erection, it will need but little consideraticNi to peroeiTe the utilky of 
this device in numerons cases of bridge-pien and other stroctnres. To 
extend the above STstem to larger piers requires only the applicslioo 
of simple well-established principles, which ewerj competent en^^neer 
would easily make, and need not be here dwelt upon. 

It is likely to find its first application in a sea-wall which will prob- 
ably be built at Fort Taylor next winter. It is proposed to use in this 
case a portable coffer of fifty by ten feet, in five compartments of firam- 
ing, the intermediate submerged oroes braces being made remoTable. 
The building of the first section of wall will not differ mndi from tte 
building of a pier, except that the masonry bond at each end must be 
arranged to provide for the adjoining sections. In walls but little ex* 
posed to the sea, the sections can be brought above low-water inde- 
pendently by building plane heads and leaving a dear joint. Of eomae 
this would not do where the foundation is bad and the load irregular. 

To build the second section, the coffsr would be reestablished as 
before, except that the end should be arranged to embrace the wall 
already carried up, and the sheeting should be shaped to close in neatly 
on its front and rear faces. The case and flap will have to be so 
altered at this end as to fit the section of the wall and extend along its 
front and rear faces for some distance. In the iNX>po8ed wall, the oae 
of dove-tailed header and streacher courses of granite is cootemplaled 
for the face and a massive concrete filling for the back. Hie box 
planking for the ccmcrete can rest against the main uprights, and can 
be recovered on striking, thus leaving all the spare flf>ace in the coffsr 
for face work. 

The simplicity of this coffer and the &cili^ with which it can be 
shifted from section to section <^ a sea-wall, lead me to believe that it 
will be found a great source of economy in constructing the wa& of 
wharves, basins, docks, etc, when the shdter from waves and the 
character of bottom, make it available. In many cases, the flap oouM 
be nearly omitted, and in some rough bottoms the simple coffer case 
could be used, and a slight foot-slope of puddle or earth which works 
tight could be thrown in so as to serve the purpose. 

This device not having yet been tried, I should scarcety bring it 
before the public except that I am willing, by pnblication at once, to 
prevent patents, and to give to engineers the benefits it offi^rs, whidi 
can be seen beforehand with almost absolute certainty. 
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n. USEFUL INVENTION. 
New Methods of pbeventing Fike-dahp Explosioks in 

COLLIEBIES, BT LIGHTING WITH COAL GaS. Bj Capt E. B. 

Hunt, Corps of Engineers, U. S. A. 

Few chapters in the history of human industry are so appallingly 
tragic as that relating to explosions of fire-damp or carburetted hydro- 
gen in collieries. Human ex^rience, and even human imagination 
can scarcely add to the overwhelming terrors attendant on those fierce 
flashes of devouring flame, &r down in the earth's deeps, where the 
feverish pulses of its ever-glowing central heat are felt Instantly the 
rushing blast carries destruction not only to the costly machinery for 
moving and hoisting coal, but to the scattered groups of miners who, 
overwhelmed amid their labors, are crushed, stifled, or left to grope in 
almost hopeless darkness. This danger is not among things gone by, 
for we are still from time to time shocked by some fresh story of ex- 
plosion, fraught with death to scores or even hundreds of poor victims. 
Despite these sadly frequent admonitions, the world has almost settled 
itself into the pleasing belief that Davy, by the invention of his safety- 
lamp, had made these explosions only possible through recklessness or 
stupidity. Such, however, is clearly not the fact. In chapters X. and 
XI. of Smiles's Life of Qeorge Stephenson, we find a striking narra- 
tive of the invention by Stephenson of his Geordy lamp, of the con- 
test for priority between his and Davy's friends, and in conclusion some 
facts are cited which show how serious the danger still is. ^' In the 
ei^bteen years previous to the introduction of the lamp (Davy's safety), 
447 persons lost their lives in the counties of Durham and North- 
umberland, whilst in the eighteen years following, the fatal accidents 
amounted to 538." The increased number of fatal accidents after 
Davy's lamp came into general use is ascribed in great measure to 
resuming work in many mines before abandoned as dangerous. Smiles 
sajs, ^^ it must be admitted that the Davy and the Geordy lamps alike 
failed to stand the severe tests to which they were submitted by Dr. 
Pereira when examined before the Committee on Accidents in Mines," 
1835. Dr. Pereira pronounces the Davy lamp ** decidedly unsafe>" 
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when exposed to a current of explosive gas, and sajs that experiments 
have ^demonstrated'' the hhaicj of the lectore room prooft of its 
safety. The above dted committee reported thus: ^Accidents hare 
occurred when his (Sir H. Davy's) lamp was in genexal and caie&l 
use ; no one survived to tell the tale of how these occurrences took 
place ; coiyecture supplied the ¥rant of positive knowledge most unsatis- 
factorily; but incidents are recorded which prove what most follow 
unreasonable testing of the lamp ; and your committee are ccmstrained 
to believe that ignorance and a ftlse reliance on its merits, in cases 
attended with unwarrantable risks, have led to disasferous oooseqaeDcea." 
Sir H. T. De LaBeche, in his London EzhilMticm Leetnre of IS&l, 
says : ^ The more e£fective saving of life from coDiery explonoos mast 
be looked for in the instruction generally of the coal minora themselves. 
The amount of mischief arising from the foolhaidiness of ignorance in 
our collieries, can only be credited by those who are compelled to 
employ men with a want of education they deplore, or who have in 
discharge of duties visited coal mines after ftarfol and d esol atin g 
exploMcms." 

I am aware of nothing since to change the foregoing state of fiicts, 
and certainly the stories of explosions still appear in the new^apers 
with formidable frequency. I regret being cut off from rofepence to 
more recent parliamentary investigations and statistics cm this subject 
It win scarcely be denied that additional security against fire-damp 
explosions remains a true desideratum. This most be my excuse fer 
now bringing forward a plan which occurred to me while rei^ng 
Stephenson's Life in the winter of 1858-9, and which seems to me 
not only to pronuie security to coal mines and miners, bat to ofer 
other valuable advantages over present methods. A distrust of my 
own acquaintance with the requirements of the case, has led me to 
keep silence hitherto, but really believing that the plan I dudl piopose 
has the essentials for practical sucoess, I find that Hbe reproadi of 
potnlle sacrifice of life throngih reserve forbids me kmger to suppress 
or hold back, for any reason, what mag be the SMans o£ safety to thou- 
sands of fellow-beings. I shall not attempt to posh explanation of 
this plan into minute detail, this being best left to those fulij cognisant 
of the requirements and practice of ooal mining. 

To explain this plan, take the case of a mine worired from a single 
shaft. Erect on the gromd near its moudi an establishment for msan- 
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fiictnring coal gas, purified for illumioation^ and add a gasometer. In 
this same vicinHj a steam engine must be arranged for driving an air- 
eondensing engine, the power being regulated by the labor to be im- 
posed, as will be explained. Steam engines already existing for hoisting 
materials op the shaft can be used for this purpose, and in general one 
engine should de all the ifoA of the mine. It is supposed, then, that 
all the ooal gas and all the compressed air wanted is supplied at the 
mouth of the mine. Now the principle which I suppose to be new in 
this oomnectioa is simply this : The mine is to be lighted by coal gas 
supplied from the mouth, and the air for burning this gas is to be sup- 
plied from the outside atmosphere. None of the air of the mine must 
be admitted to the fiame, and the products of combustion must only be 
set free at a safe distance from the flame, after passing through one or 
more wire-gauze screens. Thus perfect non-intercourse will be estab- 
lished between the flame and the air of the mine, and no fire-damp can 
reach the lights. 

There are two distinct modes of carrying this plan into execution, 
the first of which I shall call the portabk system, and the second the 
jEacM? system. 

In the portable system, the gas and air are delivered through tubes 
down the shaft, at its bottom, where two moderate-sized reservoirs 
should be made by sealing excavations for the purpose, one to be kept 
fiUed with gas of high tension, and the other with strongly compressed 
air. It is now supposed that the lamp posts or burner stations are 
established throughout the whole route, to be kept permanently lighted. 
As this route is usually ftimished with a railway transport from point 
to point along, it will be cheaply effected. Here two plans are avail- 
able. In the first, which I suppose to be the best^ a gas and air car 
would be used which has two reservoirs, made as large as the case 
admits, and in proper proportions. These reservoirs would be made of 
boiler plate with numerous cross-tie bolts, and would thus bear a great 
strain of the compressed coal gas and air, with a weight not objection- 
able. These reservoirs being filled, the car will proceed on its round 
of supply. Each lamp has its own reservoirs for gas and for air, which 
are quickly filled from the car, through flexible tubes, with stopcocks 
adapted to this object, and so on, in turn, will each burner be supplied. 

The second plan of portable supply is but an application of the 
method to some extent in use in this country for supplying gas to 
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isolated residences, where gas pipes are not laid. Portable metal 
reservoirs are charged with gas and with air under high pressure, and 
distributed systematically to the burners, to which they are coupled 
before cutting off the exhausted set of air and gas reservoirs. Thus 
a perpetual light would be maintained, which would, however, require 
regulation to correspond to the tension of the gas and air. This could, 
probably, be readily effected by automatic regulators, governed by the 
pressures and in turn governing throttle or other valtes. Water pres* 
sure regulation could also be well used sometimes. It might be found 
unnecessary to adopt any system of regulation, because of the cheap- 
ness of maintaining sufficient supplies in the reservoirs, and the 
experience acquired in using gas for lighting railroad trains would 
favor this expectation. 

The burner and optical arrangements follow next in order. A simple 
tripod burner stand or column would receive the tubes supplying gas 
and air, and be otherwise wholly closed at bottom. Now it is clear 
that the principles applied by Fresnel in light-house illumination should 
here be followed. Regarding light as a value to be utilized, it is obvi- 
ous that it should be reduced to horizontalism, and that the mam 
portion of it should be thrown along the length of the gallery, much as 
in range lights. The combination of lenses and reflectors to serve 
these ends in the best manner, is a problem of practical optics readily 
resolved. A solid pressed-glass cage of lenses, with perhaps a single 
reflector, would thus be arranged to encase the burner without a singlei 
open joint The lens mould once formed, the lenses would not be 
expensive, as they would not need to be large, the gas light itself being 
made smalL This light would probably be best composed of a circle 
of jets supplied with air within and without. The economizing of air 
in this combustion presents a new study, but one which cannot fail, 
under experimental guidance, soon to reach a satisfactory result The 
lens being closed at top, except a small orifice, the gaseous products of 
combustion would be led through a tube to some distance, and through 
several wire-gauze guards, a sponge, or other porous outlet The 
elastic force of the supply will enable us to pass this stream through 
numerous fine gauzes, a bundle of wires, or other guards. We might 
even use valves. 

A modification of this light would be required for use by the work- 
men. Reservoirs of India rubber small enough to throw over the 
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shoulders, with flexible induction and eduction tubes could be arranged 
to bum for a considerable time. The lens would be the smallest size 
of pressed glass lens, simply to horizontalize the rays or to give a 
beam on one or two sides. For working at the head of a drift, barrel- 
shaped reservoirs of the largest size, easily portable by hand, would be 
carried forward, and the gas and air drawn firom them through flexible 
tubes to supply hand lenses, as in the preceding case. To light these 
several burners resort may be had to the electric spark, or to devices 
for enclosing friction matches, or to some percussion fixture. Inge- 
nuity will readily solve this probleuL For the fi^ed burners, the need 
of lighting will very rarely arise, as cleaning the inner lens sur&ces 
and the burners will seldom be necessary on account of their seclusion 
from the air of the mine. I believe the fixed burners, the portable 
burners with temporarily fixed reservoirs, and the portable burners 
with bag reservoirs will meet all the needs of miners. In galleries not 
firequented as thorough&res, and where lights carried on the coal trains 
win suflice, the fixed lights might be dispensed with. To save the 
head lights from extinction by stepping on the tubes, a core of spirally 
wound wire inside the impervious walls of the tube might be readily 
and cheaply made. 

I now pass to the fixed system of gas lighting for mines. Returning 
to the bottom of the shafl, this system supposes gas and air mains to 
be led through the galleries to be lighted, and burners fixed where 
wanted^ drawing their gas and air supplies directly from the mains, or 
fix>m branch pipes in the usual manner. London, with its two thousand 
miles of gas mains and its radiation of gas from the Yauxhall works to 
Hampstead and Highgate, seven miles distant, must present actual 
solutions for nearly every case which can arise in arranging the pipes 
for mines. As only the galleries in use would need to be lighted, the 
length of pipe would be about double this gallery length, and the relative 
size of gas and air pipes would be fixed by their respective deliveries 
.and tensions. Reservoir chambers for air and gas from point to point, 
80 sealed as to exclude jets of carburetted hydrogen, etc., would be 
useful a^uncts in extensive mines. As fire could not be used in putting 
down the pipes, the joints might be made by giving a slightly conical 
form, and wrapping the enclosed end with strands of «oakum dipped in 
mineral or coal tar, and then driving together. This would haye another 
advantage in the facility with which it would permit the shifting of 

19* 



222 C. PBACTIOAL MECHJLNICS. 

pipes from abandoned galleries to newly opened ones* The arrange- 
ment of burners, lenses, induction and eduction pipes offers no diflferoices 
in principle from the portable system, except in the fact that the regu- 
lation is derived from the gasometer, and single stopcocks for each tube 
will suffice. In this system each light becomes perpetual, with no other 
need of supervision than an occasional cleaning. With these fixed 
lights will be combined the portables for the drift heads, drawing from 
the iron pipes through long flexible tubes or tubes with flexible JQints, 
and the portable bag burners for emergencies. 

There is an adjunct use which, on either system, can be made of the 
compressed air, though best on the fixed system. A locomotive driven 
by compressed air, from the reservoir at the bottom of the shaft, may 
be made to drive the coal trains, and thus remove horses from these mines, 
which, besides giving greater power at command, wiU help to purify 
the air. By establishing reservoir air chambers along the galleries, 
supplied with air through the air mains, the power of the air engine 
could be renewed, by fresh inspirations, at points where it might be 
needfuL Of^en by closing sections of abandoned galleries, these reser- 
voirs would be made of great capacity and at small cost To this use 
of air could be added that of a mechanical ventilation of assured effi- 
ciency, by discharging air from the mains at the points of work. I 
suppose that this will be found the proper application of all that power 
otherwise wasted, but that this will not supersede existing arrangements 
for automatic ventilation. I venture the suggestion that compressed 
air being thus conveyed to the working points, would socm find its 
application as a power with which to do much of the heavy woik of 
digging, and all of the loading, thus effecting a great savmg of labor 
and increase of production. 

This quiet transfer into the bowels of the earth of an effective power, 
obedient to the slightest touch, will open a new field for invention. 
The application already made of this agency in tunnelling the Alps, as 
described to the French Academy by Col. Manabrea of the Sardinian 
Engineers, is a clear demonstration in practice of the use of compressed 
air as a medium for conveying mechanical power, which I had the 
privilege of discussing before this body at its first Albany meeting in 
1851. When we bear in mind that both coal gas and mechanical 
power will be produced with the maximum possible cheapness at the 
mouths of bituminous coal shafts, we see a beautiful natural provisioa 
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for their application as now indicated. Not onlj will life find increased 
secoritj in the anticipated exemption from explosions, but by better 
ventilation and the diminished number of miners da/s labor to a given 
quantity of coal mined. The substitution of a brilliant gas light for 
the dim, caged, smoky oil lamps now used, will not only facilitate 
mining labors, but will give some color of good cheer to these dingy 
realms. Not least of all will be the fact that this systematic arrange- 
ment for gas lighting will' be given into a few intelligent hands, while 
the more ignorant ones, whose mental darkness De La Beche so justly 
deplores, will never be permitted to touch a light, and will thus be cut 
off from the too dangerous power of risking the lives of all their com- 
rades. In cases of choke damp or carbonic acid floods, the use of the 
air mains for expelling by steam power the unwelcome intruder is 
obvious, and may be important 

It is evident that as a preliminary, a careful course of experiments 
should be made to determine with accuracy the conditions for effective 
combustion under the circumstances named. Should it be found practi- 
cable, with safety and without too great loss of light, to bum the gas 
and air when previously mixed, in the proper proportions, a single pipe 
might be made to replace the two parallel pipes, through which the 
mixed air and gas should be supplied. The danger of explosive actions 
in this mixture, and the loss of incandescence of the fiame by mixture, 
are likely to be fatal to this simplification. Prof. Rood has suggested 
the use of gauze screens in the tubes to arrest explosions. It would 
be inconsistent with the fundamental idea of this system to admit any 
risks of explosions in the lighting apparatus ; hence it seems requisite 
to adhere to the double pipe system as explained. To complete either 
system will require a direct application of mechanical and optical prin- 
ciples, for which a perfectly attainable combination of knowledge, inge- 
nuity, and judgment would be fully equal, with but little groping or 
experience of first failures. 

The use of compressed air for mechanical purposes in mines would 
constitute a separate question of the first magnitude. I cannot doubt 
but this truly philosophical system of transporting power from the best 
point for power manu&cture to the desired point of application, will 
here find a most happy exemplification. The mode of action which is 
alike equal to driving the great tunnelling machine of the Sardinian 
Alps or a hundred sewing machines in a New York shirt factory, will 
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be found not less strong or subtle when applied to the cjdopean labora 
of ooal mining, whether in wielding the pick and hammer, in hcnsting 
the black nuggets on the cars, or in the more accustomed labors of 
locomotion. There must^ moreoyer, be numerous cases in miniog 
anthracite and other minerals beyond the direct access of steam en^nes, 
where the power manufiictured in the o^u air 9Mid converted into ihe 
form of compressed air can with great advantage be led down into the 
depths to do the work now exacted at great cost &om human mnactoL 
This method of operation would in manj cases be found to affiled a 
fy^r more efficient ventilation than has ever jet been reached in galleries 
closed at one extremitj. The free use of transferred power for work- 
ing snd for transport, would doubtless make manj mines profitaUe 
sources of mineral supplj, which now yield but meagre returns, or are 
hopelessly relinquished. Time and experience can alone test in fuU 
the efficiency of the projects nqw stated, but their rational nature and 
legitimate promise can be at once appreciated by minds possessed of 
the requisite furmtore of knowledge, judgment, and vision. 
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HISTORY OF THE liBETINO. 

Th£ Fourteenth Meeting of the American Assoeiation for the Ad- 
vancement of Science was held at Newport, Rhode Island, commenciii; 
on Wednesday, August 1, and continuing to Wednesday noon, A»* 
gust 8. 

The number of names registered in the book of members in attend- 
ance on this meeting is one hundred and thirty-five. Thirty new mem- 
bers were chosen, of whom all but eight have already accepted their 
appointment, paying their assessment and most of them signing tha 
constitution. Seven others have joined the Association by virtue of 
Rule 2 or 3. A few others have paid, without a formal election^ or 
signing the constitution. Eighty-four papers were presented ; most of 
which were read, but only a part have been printed. Some were 
thought unworthy of publication, and, in other cases, copies have not^ 
been furnished by their authors. 

The sessions of the Association were held in the capitol of the 
State. The Vice-President of the last year. Prof. Edward Hitchcock, 
introduced the President of the Newport Meeting, Isaac Lea, LL. D.^ 
who took the chair. 

The session was then opened by a prayer from Rev. A. H. Dumoo^ 
D. D. The Mayor of Newport, Hon. William H. Cranston, weleomed 
the nsembers of the Association, in the following Address:— 
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Mb. Pbbsidbnt and Gentlemen or the Association fob 
THE Adtanoement OF SoiENOE :— In behalf of the authorities and 
the people of Newport, I oordiaUy weloome yoa to our pleasant Island 
City by the sea. Ton visit us at an interesting season of the year, 
when you will have an opportunity to see what has been done by 
nature and art to make this city a desirable place of rendence ; you 
will also undoubtedly become acquainted with many distinguished per- 
sons from various parts of the world, and I am confident that you will 
long remember the occasion with pleasure as one of the marited eras in 
your existence* 

Tou are assembled upon soil which is consecrated by hallowed 
memories. It was in Bhode Island, more than two hundred years agOy 
that Roger 'Williams, John Clark, and their associates first thoroughly, 
practically, and successftilly iUustrated to the world the great and glo- 
rious doctrine of religious toleration — entire freedom for man to wor- 
ship Qod, in an unmolested manner, according to the dictates of his 
own conscience. For ages before, distinguished theologians and re- 
formers had vainly endeavored to secure to the human family that which 
was finally accomplished, by the great and good men whom I have 
named, in this small section of the western world ; from that time until 
this day the people of Rhode Island have carefully dierished and 
guarded this sacred right of man. 

In the fearful and trying days of the Revolution, the people of Rhode 
Island, having been loyal as long as loyalty was a virtue, and obedient 
to the government of the mother country until its oppressive demands 
could no longer be endured, — arose in their power and triumphantly 
vindicated their rights which had so long been trampled upon with im- 
punity. They gave to the conmion cause of freedom a brave, calm, de- 
termined, and patriotic defender of the inalienable rights of man, — their 
noble Green, who was second only to the father of his country. In the 
last war with Great Britain, this city furnished her gallant and hercuc 
Ferry, who, with his associates, very many of whom were from this city, 
so nobly and successfully fought the sanguinary battle of Lake Erie. 

A short distance from where you are now assembled, at Whitehall, 
Bishop Berkley lived several years, and on the rocks by yonder beach 
he wrote his ^Minute Philosopher.'' In the venerable Redwood Li* 
brary, which is stored with andent and valuable works of science, art, 
and literature, Dr. Channing ^ studied theology without an instructor.'* 
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It was in this city that Staart, Malbone, and Allston lived and labored 
in the art to which their genias and their lives were devoted. Pre-* 
vions to the Revolutionary war, the Jews were among the most wealthy, 
enterprising, and valoable citizens of Newport. The Synagogue, 
which still stands in Touro street, in excellent condition, was the first 
which was erected in the United States, and worship was regularly held 
there until long after the Revolution, when the Jews all removed to 
other cities where their mercantile pursuits could be more advan- 
tageously prosecuted. Abraham Touro gave $10,000 for the repairs of 
the Synagogue ; from the surplus interest of this fund the granite and 
iron fence around the lot was constructed ; he also gave $5,000 for the 
repairs of the street which bears his name. Judah Touro erected the 
substantial ft^ce around the Cemetery, at a cost of about $12,000 ; he 
also gave $10,000 for the purchase of the Park, which bears his name, 
and in which is located the ^Old Stone Mill," a mysterious relic 'of a 
by-gone age ; he bequeathed $8,000 to the Redwood Library Associa- 
tion, and $10,000 as a Ifinlsterial and Cemetery Fund, for the purpose ' 
of paying the salary of a reader or minister to officiate in the Syna- 
gogue in this city, and to endow the ministry of the same as well as to 
keep in repair and embellish the Jewish Cemetery. In addition to these 
he made, during his life, at different periods, valuable donations to the 
city. He was the last of a noble race of men who were liberal to all, 
and especially to the city of Newport, where they once lived, and 
which they always loved. In yonder cemetery, consecrated by Jewish 
rites, sacredly guarded by Christian care, repose the mortal remains of 
the families of Touro, Lopez, Polock, Riveara, Hart, Franci, Seixas, 
Hays, Isaacs, Judah, and others. While their memories are lovingly 
cherished by our people, their earthly forms will unmolestedly remain 
in that beautiful cemetery until the Messiahship is completely fulfilled. 

The formation of our soil and its rock-bound coast afford an interest- 
ing study for geologists ; and the beautiful location of our city, its pleas- 
ing and varied scenery, healthy climate and genial air, especially at 
this season of the year, make it a delightful resort, not only for pleasure- 
seekers and invalids, but for men of science, literature, and art, for re- 
creation after their severe mental employment during a considerable 
portion of the year. 

The building in which you are now assembled was erected one hun- 
dred and twenty years ago, and fiom that time to the present the gov- 
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trnment of the State has been anniially inaagnrated in this room ; here, 
akoy have the tribunals of justice held their terms in administering the 
kw. These walls have frequently echoed with the eloquence of Web- 
ster and Choate and many other distinguished advocates, and tha 
wisdom of Story and other learned jurists, very many of wh<Hn hare 
passed to the final rest of man on earth. In the adjoining Senate 
Chamber is the original portrait of our beloved Washington, which was 
painted by Stuart. There are many other interesting associations eoa« 
Bccted with the history of Newport which I might enumerate if time 
permitted ; but you will undoubtedly be made acquainted with manj 
ef them during your sojourn here. 

The object of your Association is the advancement of science, — the 
atmost development of the intellectual faculties with which our race is 
endowed, so that man can not only understand the alphabet of the 
Creator of the Universe, but also, in a great measure, comprehend the 
language of His Omnipotence as written in the soil and the rocks, on 
the ocean, in the skies, and on and In every material element of His 
vast creation. By the progress of science, by the gradual development 
ef the mind in consequence of continuous and earnest study, devoted 
astronomers have explained to the human family that they need not be 
alarmed at an eclipse of any of the heavenly bodies, or the appearance 
ef comets or other unusual objects in the skies. From the geologist and 
the chemist agriculturists have received and are constantly receiving 
valuable information which enables them to cultivate the soil more easily 
and successfully ; and those who navigate the oceans are yearly ac* 
quiring inestimable knowledge by the efforts of scientific men. All 
departments of human industry, all classes of society, in all parts of 
the world, are being rapidly benefited by the efforts of the members of 
such associations as the one which I now have the honor of addressing. 
Science is a noble study ; by it we do not read the productions of the 
intellect of a human being, as a learned and fascinating book in liters* 
ture, and behold not a beautiful picture or a noble statue, as in art ; 
but we read the eloquent language and behold the gorgeous paintings 
and august statues which emanated from the Creator when He had 
finished His work, and ^ saw every thing that He had made, and that it 
was very good," and rested from His labor on the seventh day. His 
sublime language is indelibly engraved on all portions of the founda- 
tion, and everlastingly illuminated over the broad canopy of His uni- 
yerse. 
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Religion and science are linked in a holy and inseparable union; 
for who can behold the wonderful works of the Creator, and study their 
nature and character, and yet deny His omnipotence ? Every thing in 
nature speaks of His divinity ; and the true man, the man of soul, in- 
tellect and faith, contemplates the mysterious works of God with 
reverential and chOd-like devotion, and he seeks, not only for his own 
instruction and gratification, but for that of his fellow men also, to know 
God in His works as far as our finite capacity will permit. Thus, 
through and by nature he looks up to nature's God, and in a measure 
approaches the primeval condition of our first parents. Pope said : — 

**Jjo, the ||§or Indian 1 whose nntntored mind 
Sees God in doads, or hears him in the wind ; 
His soul prond science never tanght to stray 
Far as the solar walk, or milky way ; 
Yet simple natore to his hope has given, 
Behind the dond-topp'd hill, an homhler heaven ; 
Some safer world, in d^th of woods embraced, 
Some happier island in the watery waste. 
Where slaves once more their native land behold. 
No fiends torment, no Christians thirst for gold : 
To be, contents his natural desire. 
He asks no angel's wing, no seraph's fire ; 
Bat thinks, admitted to that eqaal sky. 
His faithful dog shall bear him company." 

There is a fascination in the faith and philosophy of the aborigines, 
and a simple yet touching eloquence in their character ; but it is our 
blessing to live in an age when men are not satisfied to grope on 
in darkness, and live only as their ancestors lived ; there is a genius 
in man's nature which is progressive, a divinely created element 
which, by proper action and careful cultivation, incites his aspiration 
for a closer conmiunion with, and a more perfect knowledge of, the 
infinite Being from whom he came, and to whom he must return. 

" The sold of man 
Createth its own destiny of power; 
And, as the trial is intenser here. 
His being hath a nobler strength in heaven." 

I have the pleasure, Mr. President, of presenting to you, in behalf of 
the authorities of the city, copies of a Road Map of the Island of 
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Rhode Island, with geological delineatioiis, for the uae of the members 
•f the Association. 

I again oordiallj welcome you, Mr. President and gentlemen of the 
Associalion, to our ancient city, and trust that, while your delibenitioiis 
will undoubtedly materially benefit the human race, your social inter- 
oourse with our citizens and visitors will be 00 pleasant, yoa will e v e r 
remember the occasion with emotions of joy, and return to as again aft 
some future period. 

President Lea responded in these words : — 

Gentlemen of the American Association for the Adtakcb- 
MENT OF Science. — It would be very difficult for me to express to 
you how sensible I am of the honor you have conferred on me in ap- 
pointing me to preside over this, the Fourteenth Annual Meeting. In 
my humble pursuits, and my circumscribed efforts in the cause of 
science, I have labored without any ambition of such distinction, and 
must crave your indulgence, as I am sure of your cooperation and your 
courtesy to each other, in any want of experience in presiding over 
large bodies, where a knowledge of parliamentary rules and usag^ is 
necessarily requisite. I have, however, the most entire confidence in 
your indulgence and assistance, and in the harmony which has always 
existed among us ; and I promise you that I shall have but one object 
4Q view, that of the strictest impartiality in presiding here. It must be 
the source of the highest gratification to each of you present, as well 
as to every member absent, that our Association has continued to hold 
its meetings with such unvarying success from year to year, forming a 
concentrated congress, as it does, of a lai^ portion of the best science 
of the country, from the North and the South, and the East and the 
West. Coming together, as we do, to a great Exchange of science, to 
give and to receive, we return to our closets with accumulated scientific 
wealth, which, unlike all other exchanges, takes nothing from any indi- 
vidual, while each one carries treasures away. And now it becomes 
my painful duty to state that the year since our last meeting has not 
passed without its bringing the record of loss to the science of our 
country. We have been deprived by death of a oolaborer in James P. 
Espy, in his 75th year. He had done much to promote a knowledge 
of American Meteorology, to which branch of science he had given his 
undivided attention for many years. 
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The President coododed by thanking the Mayor and city anthori- 
ties for their welcome. 

On Thursday evening, August 2, Professor Joseph Henry deliTered 
a lecture on Atmospheric Electricity, in Aquidneck HalL 

On Saturday evening, August 4, Professor A. D. Bache delivered a 
lecture on the Gulf Stream, in Aquidneck Hall. 

On Wednesday, August 8, the address of the retiring President was 
given at the place of general session, by Professor Stephen Alexander. 

No lengthened abstract of the proceedings, scientific and executive, 
of the Newport Meeting of the Association, is necessary in this place, 
as they are contained in full in the papers and resolutions printed in 
this volume. 

The Association voted to hold their next meeting at Nashville, Ten- 
nessee, on Wednesday, the 17th of April, 1861. 

The officers elected for the next meeting are, Pres. F. A. P. Bar- 
NABD, of Oxford, Mississippi, President ; Professor R. W. Gibbes, of 
Columbia, S. C, Vice-President ; Professor W. P. Tbowbridge, of 
Washington, D. C, General Secretary; and Dr. A. L. Elwyn, of 
Philadelphia, Treasurer. The Permanent Secretary, Professor Jo- 
seph LovERiNG, of Cambridge, was elected for a fourth term, com- 
mencing with the Nashville Meeting. 

During the session of the Association, the members and their ladies, 
besides receiving many private hospitalities, were elegantly entertained 
on Friday evening, August 8, by Daniel Parish, Esq. ; and on Mon- 
day afternoon, August 6, by Mrs. Dr. Howe, at Lawton's Valley. On 
Saturday aflemoon, an excursion was made, by invitation of Capt G. 
W. Cullum, of the U. S. Engineers, to Fort Adams. Preparatory 
to this excursion, an interesting paper, ^ on Modem Warfare : its Sci- 
ence and Art," had been read in the morning, by Capt. E. B. Hunt, 
who was also present at the fort to impart valuable information in 
regard to its construction and objects. 
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RESOLUTIONS ADOPTBD. 

Resohedy That the retiring President be requested to oommiiDieate to 
the proper Sub-Committee of the Standing Committee, . within three 
months after the adjournment of the Association, whether he will be pre- 
pared to deliver a retiring address at the next annual meeting : and if 
not, that the Vice-President shall be expected to perform that dutj. 

Resolvedy That Dr. B. A. Grould be requested to make a report, at 
the next annual meeting, on the History and Present State of the Ap- 
plication of Telegraphic Methods to Astronomical Observation, and the 
Determination of Longitudes. 

Resolved^ That Prof. W. B. Rogers be requested to make a report, at 
the next annual meeting, on the Present State of the Theory of Binoc- 
ular Vision. 

Resolved, That Prof. Newberry be requested to make a report, at the 
next annual meeting, on the Fossil Botany of the United States. 

Resolved, That the series of Fossil Plants from the Brown Coal For- 
mation, presented to the Association by Hon. Elisha Dyer, of Provi- 
dence, R. I., be referred to Dr. Newberry for examination. 

Resolved, That the Committee on Weights, Measures, and Coinage, 
are authorized to correspond with such departments of the government 
of the United States, with the Commissioners to the Statistical CongreeSy 
and such other persons at home or abroad as they may deem expedi- 
ent, to obtain information to be laid before this Association in further- ' 
ance of the objects of their appointment. 

Resolved, That the memoir of Gen. J. 6. Totten ^on the Disap-* 
pearance of the Ice of our Northern Lakes ** (a copy of which was not 
received in season to be printed in the last volume), be printed in the 
volume of Proceedings at Newport. 
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VOTES OF THANKS. 

Seiohtdj Hat tbe Aiperican Association for the Advancement of 
Science returns thanks to the Legislature of the State of Rhode Island 
for the use of the State House for the meetings of Jthe Association. 

Setohedj That the thanks of the Association be returned to the 
Sheriff and other State officers for their earnest and successful endeav- 
ors to afford increased accommodations and facilities. 

Retohed^ That the thanks of the Association be returned to the 
Mayor and Corporation of the city of Newport, for the cordial welcome 
which thej have extended to its members. 

Beiohed^ That the Association returns thanks to the Directors of 
the Redwood Library, and of the Newport Reading Room, for their 
kind invitation, throwing open their institutions to the use of the 
members. 

. Jieiolvedy That the thanks of the Association be returned to Capt. 
Cullum of the United States Engineers, for his most cordial invitation 
to visit Fort Adams, and to Capt. Hunt of the same Corps for his 
agreeable reception, and for his instructive lecture on the defences and 
modes of attack. 

Seiolved, That the thanks of the Association be given to the citizens 
and residents of Newport, who have contributed greatly to the enjoy- 
ment of the members. 

liesohedy That the Association returns thanks to the Directors of the 
RaihxMul and Steamboat lines which have offered its members a free 
return passage. 

Ruolcedj That the thanks of the Association be returned to the 
Secretary of the Local Committee, Samuel Powel, Esq., for the effi- 
cient aid which he has rendered the officers of the Association in the 
general conduct of the meeting. 

Resolved^ That the thanks of the Association are due to the President, 
Vice-President, and General Secretary, for their efficient and impartial 
discharge of tbe duties of their respective offices. 

Besolved, That the thanks of the Association be returned to Prof. 
Stephen Alexander, for the eloquent and philosophic address with 
which he has favored us. 
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REPORT OF THE PERMANENT SECRETARY. 

In accordance with the rule of the Constitution the Permanent Sec- 
retary submits the following annual report: — 

The various duties discharged during the past year are the same as 
for former years ; and as they have been carefully described in previous 
reports, it is not necessary, perhaps, to repeat them now. On acoount 
of the difficulty of finding any gentleman to discharge the duties d 
Local Secretary at Newport, it has been necessary for the Permanent 
Secretary to assume his duties, so far as was consistent with his resi- 
dence at a distance, and to issue the circular for the Newport Meeting. 
In company with Dr. Wolcott Gibbs he vi^ted Newport in April, and 
with the cooperation of Dr. David King obtained the use of the State 
House for the use of the Assodation ; which was granted by a special 
act of the Legislature* The Mayor also was visited, and interest .and 
sympathy awakened in him towards the objects of the Association. 

The Association now contains 862 members ; seventy-five new mem- 
bers were added at Springfield, and 247 were then struck gS, on account 
of delinquencies in the payment of assessments : their aggregate indebt- 
edness to the Association being two thousand two hundred and twenty- 
three dollars. 

The financial condition of the Association is as follows : — 

Between August 8d, 1859 (the first day of the Springfield Meeting), 
and August 1, 18G0 (the first day of the Newport Meeting), the 
income has amounted to fourteen hundred and ninety-nine dollars and 
forty-three cents ($1,499.48); of which eighty dollars ($80) camefrcHn 
the sale of the volumes of Proceedings, and the balance firom the annual 
assessments. 

The expenses of the Association during the same time have been 
seventeen hundred and thirty-two dollars ($1,782), which may be 
classified, in general, thus :— 

Expenses connected with the publication of the Springfield 
volume, one thousand dollars and fourteen cents, $1,000.14 

Expenses connected with the Springfield meeting, one hun- 
dred and twenty dollars and fifty cents, 120.50 
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Expenses connected with the Newport meeting, thirty-five 

dollars, 85.00 

Salary of the Permanent Secretary, five htmdred dollars, 500.00 
Postage and other expenses, sevens-six dollars and thirty- 
six cents, 76.86 
The items may all be found in the cash aocoont of the undersigned, 
which is herewith submitted as a part of his report The balance in 
the hands of the Permanent Secretary has diminished, since the last 
account, by one hundred and ninety-eight dollars and eighty-seven 
cents ($198.87). The balance in the hands of the Treasurer is five 
hundred dollars ($500). 

JOSBPH LoYBRma, 
Permanent Secretary. 
Nbwpost, Angiui 1, 18S0. 
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CASH ACCOUNT OF THE 

Dr. Ambbioak Absoctattok in 

Express to Springfield, flOO 

Clerk at Springfield, »M 

Gas biU at Hampden Hdl, ^M 

Cfaaancej Wright for services on prograimiies, . . 15.00 

Grant & Warren for paper, S19.20 

Smithsonian Institution, for freight, 2.50 

Committee on ChiH expedition, 12.00 

C. F. Loosej, for freight, S.28 

Eilboum & Mallorj, for wood-cuts, 21.25 

J. Bien, for printing plates, 76.25 

Allen & Famham, for printing Springfield Proceedings, . 456.68 

Bradley, Dayton & Co., for binding da, .... 78.94 

Salary of Permanent Secretary, 500.00 

Journey, etc, to Newport, in April, 21.00 

Printing circulars, 12.50 

F. B. Hough's bill for committee, 5.00 

Binding 250 copies of Prof. Caswell's address, . . . 1.50 

Freight on foreign distribution, 2.00 

Buck's express, 83.54 

Allowed Permanent Secretary for attending Springfield meeting, 75.00 

Index to the volume of Springfield Proceedings, • . . 5.00 

Stationery of Secretaries, 10.00 

Postage and discount on assessments, 36.86 

Postage on circulars for Newport meeting, . . . 9.00 

Clerk for directing Newport circulars, 5.00 

$1,732.00 
Balance to next account, 389.98 

$2,121.98 
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PERMANENT SECRETARY. 

Aeeauni with Josbph Loyerino. Cr. 

Balance fhnn last account, $588.85 

ChedL from the Treasurer, A. L. Elwyn, .... 88.70 

Assessments, etc (from No. 477 to No. 878 of Cash Book), 1,499.48 



$2,121.98 

YOL. XIV. 21 
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STOCK ACCOUNT OF THE PERMANENT SECBETABY. 

Volumes Distributed or Sold. 



Vounuf 


I. 

2 
2 


n. 

8 
8 


m. 

8 
8 


.V. 

2 


T. 

8 

I 


VI. 

2 
2 


m. 

2 
1 

8 


Tm. 

8 
1 

4 


xz. 

4 
1 

6 


z. 

6 
1 

7 


ML 

8 
7 

10 


zn. 

6 
88 

88 


JBL. 

• 

14 
287 

m 


9ILITIUS TO 

Boston city Llbrarj, 
Nftntooket AUMiMBam,t 
AlbuiT State Library, 
Phil. Acad. Nat. Scieaoa,t 
PhU. Philof. 8oe.,t 
ProTidenoa AthenaBom, t 
Brown Unifarsitj, f 
TaleOollegt,t 
Harvard Goltaga, t 
American AeadeiDT, f 
Boston Nat Hist. Society, t 
Boston Athenaom, 
Montreal Nat. Hist. Society, t 
Snper't Edocation, Montreal,! 
Smithsonian Institution, t 
Lyceum of Nat. Hist. N. T., f 
Maryland Institute, t 
MaiyUnd Historical Rodety, t 
Bedwood Ubrary, in Nein>ort, 
Mayor of Newport. 
Mayor of SpringHeid, 
Sold or exchanged, 
ToMcmbem, 


TofeU, 


2 


8 



List of European Institutions to which Copies of Volume XIII. of the 
Proceedings of the American Association were distrihuted by the Per^ 
nument Secretary in 1860. 

Stockholm^ — Kongliga Svenska Yetenskaps Akademien. 
Copenhagen, — KongeL danske Yidensk. Selskab. 
Moscow, — Soci^t^ Imp^riale des Naturalistes. 
St. Petersburg, — Acad^mie Imp^riale des Sciences. 
^ "• Eais. Russ. Mineralogische Gresellschafl. 



♦ Sold. 

t By order of the AMOciation. 
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Amsterdam, — Acad^mie Rojale des Sciences. 

Baarkmy — Hollandsche Maatschappij der Wettenschappen. 

BerHn, — K. P. Akademie der WiMenschaften. 

BreslaUy — K. L. G. Akademie der Naturforschen. 

Franckfurty — Senckenbergische Naturforschende Gesellschaft. 

Pnilerg, — Eoniglich Sachsische Bergakademie. 

Leipticy — Koniglich Sachische Gesellschaft der Wissenschaflen. 

Gottingeny — Koniglich Gesellschaft der Wissenschaften. 

Munichy — E. B. Akademie der Wissenschaflen. 

^<^i — K. Bohm Gesellschaft der Wissenschaften. 

StuUgarty — Verein ftir Yaterlandische Naturkunde. 

Vxennciy — K. Akademie der Wissenschaften. 

^ E. EL Greographischen Gesellschaft. 

^ Greologischen Reichsanstalt 

Berriy — Allgemeine Schweizerische Gesellschaft. 
Batdy — Naturforschende Gesellschaft. 
Gtnevey — Soci^te de Physique et d'Histoire Natarelle. 
Neuehately — Soci^t^ des Sciences Naturelles. 
BmxelleSy — Academic Rojale des Sciences, &c 
LQgey — Soci^t^ Rojale des Sciences* 

Liliey — Soci^t^ Nationale des Sciences, de TAgricultare et des Arts. 
Parisy — Institut de France. 

" Soci^t^ Philomatique. 

DijoUy — Academic des Sciences, Ice 
Tuririy — Accademia Reale delle Scienzie. 
Madridy — Real Academia de Ciencias. 
Camhrtdgey — Cambridge Philosophical Society. 
JDubliny — Royal Irish Academy. 
Edinhurghy — Royal Society. 
Londony — Board of Admiralty. 
East India Company. 
Museum of Practical Geology. 
Royal Society. 
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BALANCE OP STOCK. 



Toumt 


I. 

<8 

8 

«1 
2 

69 


n. 

98 

1 

94 
8 

91 


m. 
256 

268 

8 

250 


IT. 

286 

286 
2 

288 


T. 

489 

489 
8 

486 


TX. 

299 

2B9 
2 

297 


Tn. 

681 

1 


Tin. 

864 
1 


IX. 

967 

1 

968 
6 

968 


z. 


XL 


xn. 


XIXL 


Beoelwd ttom Blndan. 
B«OiiT«d ftom otlMts,* 

TMal, 

DeliTOtd M on ptfe 242, 

BftlftQM, 

DettTmd M on pHe 212-248, 

BftlMMtllMBhflflei, 


807 

807 
7 

800 


862 


1010 


1486 


688 

8 

680 


86i 

4 

851 


802 
10 

842 

1 


10101486 
88 821 

972,U14 
88 


69 


91 


269 


288 


486 


297 


680 


861 


968 


890 


842 


orafioTo 

\ 
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This certifies that we have this daj examined the above account of 
the Permanent Secretary, comparing the credits with the Treasurer's 
account and with the receipt-book, and the debits with the several 
vouchers, and find the whole correct, and the sum of three hundred 
and eighty-nine dollars and ninety-eight cents ($889.98) credited in 
the next account 

(Signed) John LeContb, 

B. A. Gould. 

Nbwport, Angnst 6, 1860. 



* In exdiange for yolames less nu«. 
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REPORTS. 

The Committee of Weights and Measures and Coinage, considering 
that the movements recently made in these subjects are of sufficient 
importance to draw the attention of the Association to them, and desiring 
some extension of their powers, respectfully present the following report 
of progress : — 

The mission of Professor J. H. Alexander not having led so far to 
any arrangement in regard to international coinage, this subject still 
remains an open one, with the disadvantage that the British Com- 
missioners have reported against the decimalization of the Imperial 
coinage. Commissioners have been sent by our government, under an 
appropriation from the last Congress, to the Statistical Congress at 
London, and with them as well as with our government, it is desirable 
this committee should have authority to correspond. 

The recent presentation of one of the bronze standard yards, pre- 
pared by the British commission, to the office of Weights and Measures 
of the United States, has permitted a new comparison of the Troughton 
scale, which constitutes the United States standard of length, with the 
new British Imperial standard yard. This gives the United States 
standard yard 0.000,873 of an inch longer than the British yard. 

Sir John Herschel, writing in the Athenseum, says, ^ If the British 
Imperial standard inch were increased by one thousandth part, it would 
be with all but mathematical precision, one five hundred millionth part 
of the earth's axis of rotation." If the standard temperature for the 
United States yard, which has never been authoritatively here fixed, 
be taken at 59''.8 Fahr. instead of at 32"^, the "^ modular standard " 
will be exactly the 500,500,000dth part of the earth's polar axis. 

A very remarkable report on weights and measures has been pre- 
sented to the American Pharmaceutical Association by Alfred B. 
Taylor, Esq., of Philadelphia, to which the Committee would earnestly 
call the attention of the members of the Association. 

Afler a thorough and interesting discussion of the several methods 
hitherto proposed for adapting our manifold systems of weights and 
measures to the decimal scale, it suggests still other and perhaps better 
methods of adaptation, whether the grain Troy, the pound Avoird., or 

21* 
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the pint wine measure, be taken as a standard. An ingenious, and 
not unpractical system is also presented, derived from the ^ new foot," 
so called, this being the one fifth part of the length of Leslie's seconds- 
rod, and differing bj onlj about one fourth of an inch fW>m the present 
standard foot. Starting from this unit, consistent and correlatiTe tables 
for linear and for cubic measure and for weight are derived, in which 
none of the standards are far removed from those now in popular use. 

But throughout the discussion, the guiding idea which serves as one 
premise for all conclusions is this, that ^ all experience shows, that 
however much more rational it may be to assign new terms to new 
things or ideas, mankind is ever far more ready to adopt a change of 
substance than of form, and ^ more prone to trtmsfer old names to 
new but analogous uses, than to accept an unfamiliar nomenclature 
expressly contrived for such new uses." Unquestionably there is force 
in this idea ; althon^ hardly so much as to warrant us in assuming 
the contrary to be impossible. 

The conclusions at which the report arrives are ; that the decimal 
scale ought to be rejected in any new system of weights and measures, 
on account of the impossibility of halving the subdivisions of the num- 
ber ten ; and they proceed to offer for adoption a new system, founded 
upon the octonary notation, for which they propose new digits and new 
names, in spite of the fact that the procedure is not entirely in accord- 
ance with the principle just laid down. 

Strong as this reasoning is, it seems to us hardly forcible enough to 
outweigh the great facts that the numeration of the civilized world is 
and must unquestionably ever remain a denary notation ; that half the 
currency of the world is a decimal currency ; that the tendency of 
those nations which do not now enjoy the advantage of a coinage and 
currency, in harmony with their numeration, is setting strongly towards 
its adoption ; that even in England, the most conservative of civilized 
nations, efforts to no insignificant extent have for several years been 
making to decimalize the national currency ; that however erroneous 
its units may theoretically be, still the elegance, simplicity, and harmo- 
nious relations of the French decimal system of weights and measures 
have already insured its almost universal adoption for scientific purposes 
in all countries, until even the established units of weight, force, heat, in 
almost every department of science and art are dependent upon the 
gramme, the meter, and the degree centigrade. 
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The nmnber (8) has been selected bjr the author of the report for 
the basis of his proposed systemsy as being at once a number of con- 
Tenient size, and a power of two ; the principle of suocessiye halvings 
being regarded by him as the fundamental one of all human subdi- 
vision. It is conceded by him that one octonaiy system of weights and 
measures should imply one octonary currency, yet he regards the 
change to such a system in the former case^ even without a modification 
of the currency, as likely to be attended by decided and important 
benefits. 

But whatsoever may be our views regarding the recommendations 
of the Committee, the report is one of great value and instructiveness, 
and for the thorough discussion and richness of the material presented 
may be placed in the same rank with the classic report of the late 
John Quincy Adams. 

By order of the Committee, 

A. D. Bache, Chairman. 



The Committee appointed at the Baltimore meeting of this body to 
determine an abbreviation of the name of the Association would respect- 
fully submit the following report : — 

It is agreed that the words ^ American,** ^ Association," and ^ Sci- 
ence," should be represented in an abbreviation, as defining the locality, 
organic character, and object of this body. To include the word 
'^ Advancement," would give inconvenient length, and is thought 
unnecessary. 

In abbreviating ** American," as " A." is in extensive use for " Acad- 
emy," the '^m" must be added, making the common form ^^ Am/* 
Astronomy has a prior right to '* As." and it is proposed to guard 
against ambiguity by adding the terminal letter on a raised line or in 
the form of an index, thus, " As^." The word " Science " is usually 
and well abbreviated to its first syllable '* Set." The total abbreviation 
of the name of this body therefore becomes ^ Am. Asn. Sci." 

To indicate its published volumes, these are denominated ^ Pro- 
ceedings," which is abbreviated to " iV." The particular volume will 
be indicated by the year of meeting following the general abbreviation, 
thus : Pr. Am. Ash. Sci. 1860. 

Should it be desired to add the name of the place of meeting, as 
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will be necessary in the cases of the volumes for the semi-anniilar 
meetings, this can be done by the use of the first syllable of the name 
in parenthesis, thus : ** P&. Am. Asv. Soi. 1860 (New.)» p- 88." 

The Committee would recommend the introduction of the proper 
abbreviation on the title page of each volume, in the belief that a 
general adoption of this plan in the publications of scientific societies 
and journals <»* magazines of science would be found exceedingly con- 
venient, and would soon fix the usage in citatiim. It should however 
be remarked, that these abbreviations have need to be systematically 
framed, to avoid ambiguity and inconvenience. 

(Signed) E. B. Hunt, 

William B. Rogebs, 
S. L. LooMis. 



The Committee on Dr. I. I. Hayes' proposed Expedition to the 
North Pole, report that they have codperated with Dr. Hayes in pro- 
curing means and instruments for the proposed expedition ; that the 
outfit obtained for Dr. Hayes being deemed by him adequate, and the 
instruments provided being sufiicient for the purposes of the exploration, 
the party sailed from Boston in the schooner United States on the 7th 
of July of the present year. 

The Committee asks to be continued. 

(Signed) A. D. Bache, Chairman. 

Newport, R. L, August 7, I860. 



CORRESPONDENCE. 



Mayor's Offigb, Newport, R. L, May 9, 1860. 

Mt dear Sir, — Your kind letter of the 7th was received this 
afternoon, and two copies of the ISth Annual Report of the Proceed- 
ings of the American Association, etc, I received this morning, for 
which please accept my thanks. I will send the copy for the Red- 
wood Library to that Association. Do you think that your Associ- 
ation would prefer to hold their first meeting in August in a larger ball 
than that of the State House, where the regular meetings are to be 
held during the session ? If so, I should like to be informed of the 
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ftety as joa can have a larger hall which will accommodate ahoat one 

thousand personsi whereas the hall in the State House will not seat 

prohablj more than four hundred or five hundred. If jon can giye me 

any information in regard to this matter^ it will afibrd me much pleasure 

to make the neeessaiy arrangements. 

YonrSi very truly, 

William H. Cbakston, Mayor. 
Professor JosBPH LoYxanro* Cambridge, lissi. 

P. S. I speak of the^rs< meeting, as I suppose that will be numer- 
ously attended, perhaps more so than the others. 

Mayor's Ofpicb, Newport, R. I., Jane U, 1S60. 

Mt deab Sib, — Your favor was duly received. The Legislature 
of our State, at its session in May, passed a Resolution placing the 
State House in this city at the service of your Association for your 
meeting in August next Our City Council, at its last meeting, passed 
the enclosed Resolution. 

Yours, very respectfully, 

William H. Cranston, Mayor* 

Prof. Joseph Lovbrino, Secrdary, frc. 

At a meeting of the City Council of the City of Newport, holdea 
June 12th, a. d. 1860. 

Resolved^ That his honor the Mayor, together with Alderman John 
C. Ailman and Common Councilmen Robert J. Taylor, Thomas 
Coggesball, and John T. Bush be, and they are hereby appointed, a 
committee to cooperate with the local committee of the American 
Association for the Advancement of Science, in making arrangements 
for the Annual meeting of said Association in this city, in August next 

A true copy — Attest, 

Benjamin B. Howxanb, Oity Clerk. 

i Stats op Rhode Island, etc., Seosetart's Oppiob, 
Protidenoe, July SO, a. d. 1860. 

Dear Sib, — A letter received from Newport a few days since has 
led me to think that the American Association for the Advancement of 
Science did not nnderstand that the State House in Newport had been 
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placed at their disposal for the next meetings which has indaced me to 
oommanicate to jou the following resolution of the Greneral Assemblj, 
passed in June last : 

Euolvedf That His Excellency the Governor be, and he is herebj 
authorized and requested to tender to the American Association far 
the Advancement of Science, the use of the State House, in Newport, 
as a place for the meeting of the convention of said Association to be 
holden in Newport in the month of August next 

I perceive that it has been publicly announced that the Assodatioii 
will meet at the State House in Newport in August, so that there can 
be no mistake in relation to it 

I have directed the sheriff of Newport county to have the building 
in readiness for the Association. 

Yours, very respectfully, 

John B. Babtlett, Secretary, 

Prof. Joseph Lovbbimo, Cambridge, Mass. 

Redwood Librart jlnd Athbkaum, Newport, R. L, June 4, 1860. 

Dear Sib, — I beg to inform you that our Board of Directors at 
their meeting in May last, passed a resolution requesting me in their 
behalf to offer to '^ the American Association for the Advancement oi 
Science ** the use of our library and reading room, and of the other 
rooms, for Committees, during then: session to be held in this place in 
August next 

It gives me great pleasure to communicate this ofier, and I trust it 
will not be unacceptable to the Association. 

I forward this letter to yon as the Permanent Secretary of the 
Association, and, I presume, the appropriate officer to receive such 
communications, and am. 

With great respect, your obedient servant, 

George G. Kino, President Redwood Lihrcary^ 4^. 

Prof. Joseph Lovxrino, Sec. Ax. Asi^., etc., Cambridge, Mass. 

The GU>veming Committee of the Newport Beading Boom b^ to 

tender the freedom of their rooms to the members of the Sdentific 

Association, during their stay at Newport 

In behalf of the Committee, 

J. D. OoDwr. 
NawpoRT, AuguBt 1, 1S60. 
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RAILBOAD ABBA17QEMENTS. 

Newport, R. I., July 23, 1860. 
To the PrendetU or Local Superintendents. 

Dear Sir, — On behalf of The American Association for the Ad- 
Tancement of Science, I append a list of several Railroad Companies, 
irho were so liberal last year as to extend to the members of ^ The 
Anfterican Association for the Advancement of Science ** the right of 
free retam tickets after the close of the session at Springfield. 

Maj I beg to know whether your line will this year grant the same 
facility to the members returning from the Newport meeting, which 
18 to begin on the first of August. 

Your reply, if favorable, will be communicated to the members when 
assembled here. I have the honor to be. 

Yours, very respectfully, 

Local Secretary* 

New Haven, New London, and Stonington Bailroad. 

Philadelphia, Wilmington, and Baltunoie " 

Boston and Worcester " 

Connecticut Kirer " 

Western " \ 

Michigan Southern " 

Hartford and New Haven ** 

New York Central 

Cincinnati, Hamilton, and Dayton 

Connecticut and Passumpsic Kirer 

Vermont Valley 

Vermont and Canada " 

Cape Cod " 

Kichmond and Petershnrg " 

Pacific " 

Pittsfield and North Adams " 

Troj and Saratoga " 

Amherst and Belchertown ** 

Saratoga and Whitehall " 

Sullivan " 

Michigan Central 

Vermont Central " 

Fitchbuig and Worcester " 



tt 
It 
It 

t€ 



^52 CEBTIFICATB ON BBHALF OF THK AJSOCIATIOK. 



CBBTinCATB 

Oh Behalf of thb AiouuaiJf Assooiatiof for thb Adtakcbmkht or 

SCIBKCB. 

To th€ SuperintmtdtntSf !ndhd Agml$, and Condudon cftkB tm&rd Beatihoat <md 
Railroad Cmnpamei mutmeraied bdow. 

'g Tbe Presidents or Superintendents of the several Companies m6ih 
g tioned below having in writing signified to the Local Secretary^ that 
1^ members of the American Association for the Advancement of 
Science^ who have attended the Newport meeting, will be passed 
back upon their return free of charge^ upon conditions that sim^ 
members shall have passed over the said roads on their wajr to 
the meeting. 

S NoWf therefore f this Cert^s thai ■ ■ ■ — — 

»:^has attended the meeting at Newport, held August 1, 1860, and 
upon the subsequent days, and that he certifies, over his own signature 
hereon, at the bottom, that he has, in coming to the meeting, passed 
over and paid fare upon those lines not stridden out of the list below. 
NawFORT, B. I., Angost , 1660. 

(Signed) Joseph Loveriho, Permanent Seeretary. 
Samuel Powell, Local Secretary. 

Tbe Pbiladelphia, Wilmingtan, and Baltimore BaOroad. 

" Vermont VaUey " 

" Capo Cod " 

" Old Colony and t'all Birer " 

" BensaelflBT and Saratoga " 

" Ambent, Belcbertown, and Palmer " 

" Connecticnt Biver " 

" Bay State Steamboat Company " 

I hereby certify that I have passed over and paid fere upon all the 
lines above enumerated and not stricken out, in coming to the meetiDg 
of the American Association for the Advancement of Science, held at 
Newport, August 1st, etc 

Newport, B. L, Angost 8, 1S60. 
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ERRATA. 

On page 5, line 4 from top, for pholosphere read photosphere. 
On page 37, line 6 from top, for o read of. 

On page 101, this paper of Mr. Lea was not read or presented, and was sent by 
mistake. 



